—_—, 9 





~~ 








OF MicHtaAn 





7 AUG 24 1960 
| =" 
| Number 10 
V3MEPUTEABHAS October, 1959. 
TEXHMKA 





SOVIET INSTRUMENTATION AND 
CONTROL TRANSLATION SERIES 


easurement 
echniques 


(The Soviet Journal Izmeritel’naya Tekhnika in English Translation) 





® This translation of a Soviet journal on instrumentation is 
published as a service to American science and industry. It is 
sponsored by the Instrument Society of America under a grant 
in aid from the National Science Foundation with additional 
assistance from the National Bureau of Standards. 















Instrument Society 
of America 
Executive Board 


John Johnston, Jr. 
President 

Henry C. Frost 

Past President © 

Dr. Ralph H. Tripp 
President-Elect-Secretary 
Thomas C. Wherry 
Dept. Vice President 
Glen G. Gallagher 
Dept. Vice President 
Adelbert Carpenter 
Dept. Vice President 
Nathan Cohn 

Dept. Vice President 
John C. Koch 
Treasurer 

Nelson Gildersleeve 
Dist. I Vice President 
Charles A. Kohr 

Dist. II Vice President 
John R. Mahoney 
Dist. III Vice President 
George L. Kellner 
Dist. IV Vice President 
Milton M. McMillen 
Dist. V Vice President 
Glenn F. Brockett 
Dist. VI Vice President 
Thomas H. Pierson 
Dist. VII Vice President 
John A. See 

Dist. VIII Vice President 
Robert C. Mann 

Dist. IX Vice President 
Joseph R. Rogers 
Dist. X Vice President 


John J. McDonald 
Dist. XI Vice President 


Headquarters Office 


William H. Kushnick 
Executive Director 


Charles W. Covey 
Editor, ISA Journal 


George A. Hall, Jr. 


Assistant Editor, ISA Journal 


Herbert S. Kindler 


Director, Tech. & Educ. Services 


Ralph M. Stotsenburg 


Director, Promotional Services 


William F. Minnick, Jr. 
Director, Public Relations 


2 








SOVIET INSTRUMENTATION AND 
CONTROL TRANSLATION SERIES 


ISA Publications Committee 

Nathan Cohn, Chairman 

Jere E. Brophy Richard W. Jones John E. Read 

Enoch J. Durbin George A. Larsen Joshua Stern 

George R. Feeley Thomas G. MacAnespie Frank S. Swaney 
Richard A. Terry 


Translations Advisory Board 
of the Publications Committee 


Jere E. Brophy, Chairman 
T. J. Higgins S. G. Eskin G. Werbizky 


@ This translation of the Soviet Journal [zmeritel’naya Tekhnika 
is published and distributed at nominal subscription rates under a 
grant in aid to the Instrument Society of America from the Na- 
tional Science Foundation. This translated journal, and others in 
the Series (see back cover), will enable American scientists and en- 
gineers to informed of work in the fields of instrumentation, 
measurement techniques, and automatic control reported in the 
Soviet Union. 


The original Russian articles are translated by competent technical 
personnel. The translations are on a cover-to-cover basis, pe 

readers to appraise for themselves the scope, statusa,and importance 
of the Soviet work. 


Publication of Izmeritel’naya Tekhnika in English translation 
started under the present auspices in August, 1959, with Russian 
issue No. 1 of Jan.-Feb. 1958. The six issues of the 1958 volume year 
were published in English translation by February, 1960. Russian 
issue No. 1 of January, 1959 was published in March, 1960, and 
the twelve issues of 1959 will be published in English translation by 
December, 1960. 


Transliteration of the names of Russian authors follows the system 
known as the British Standard. This system has recently achieved 
wide adoption in the United Kingdom, and is being adopted in 1959 
by a large number of scientific journals in the United States. 


All views expressed in the translated material are intended to be 
those of the original authors, and not those of the translators, nor 
the Instrument iety of America. 


Readers are invited to submit communications on the quality of the 
translations and the content of the articles to ISA headquarters. 
Pertinent correspondence will be published in the “Letters” section 
of the ISA Journal. Space will also be made available in the ISA 
Journal for such replies as may be received from Russian authors 
to comments or questions by American readers. 


1959 Issue Subscription Prices: 
Per year (12 issues), starting with 1959, No. 1 


General: United States and Canada. . ..... . . $25.00 
Re ee ae EOP ne 
Libraries of nonprofit academic institutions : 
United States and Canada. . ...... . $12.50 
eee, ee 
Single issues to everyone,each. . . . ..... + « $ 6,00 


1958 issues also available. Prices upon request. 
See back cover for combined subscription to entire Series. 


Subscriptions and requests for information on back issues should be 
addressed to the: 


Instrument Society of America 
313 Sixth Avenue, Pittsburgh 22, Penna. 


Translated and printed by Consultants Bureau E Inc. 








‘ss 















Number 10—October, 1959 
English Translation Published August, 1960 








Measurement Techniques 


The Soviet Journal Izmeritel’naya Tekhnika 
m English Translation 


Reported circulation of the Ruasian original 8,000. 


Izmeritel’naya Tekhnika is an organ of the 
Academy of Sciences, USSR 


EDITORIAL BOARD 
as Listed in the Original Soviet Journal 


G. D. Burdun, Editor 

I. I. Chechik, Asst. Editor 
V. O. Arutyunov 

N. M. Karelin 


M 
oe 
Ler 9 
© 
x 
° 
a 





See following page for Table of Contents. 


Copyright by Instrument Society of America 1960 





MEASUREMENT TEC HNIQUES 








1959, Number 10 





CONTENTS 


A Systematic Improvement in Labor Productivity is the Pressing Task of the Committee's 
Local Agencies, B, L. Sokolov, . 


Analysis of the Manufacturing Error of a Discrete-Action Integrator, V. A. Volkonskii, 
M. A, Gol'dinov, S. M, Kessel*man, and A, S, Nemirovskii. 








Linear Measurements 


Measurement of Half-Widths of Spectral Lines by Means of a Fabry-Perot Interferometer 
with Photoelectric Recording, Yu, P. Efremov..... 





Determination of Parameter R, of Surface Roughness by Means of a Planimeter, 
A, N, Kartasheva ...... 


eee eeeeeeeeneee 





Measurement of the Thickness of Lubrication Layers, A. A, Kut"kOV,....-.eeee008 





Measurements of Mass 


A Truck for Checking Ten-Ton Scales, Ya. I. Keimakh.... 





Automatic Compensation of Electrotensiometric Scales, V. L Zhukovitskii ........ 





Thermotechnical Measurements 


Measurements of Temperature in High-Pressure Chambers by Means of Thermistors, 
N. P. Grashdankina, L. lL. Domanskaya, and A, K, Kikoin,........... 





Temperature Measurements in the Range of 300-500°C, B. S. Estrin and P, B, Kantor... 


Electrical Measurements 


Recording of Electrical Energy Consumption on an Oscillogram, V. Yu. Chudnovskii... 





Determination of Frequency Characteristics in Designing Automatic Control Systems, 
A, S. Lifshits and I. A, Dedok eoeeeenreen#e#ee”? 





A Simple Method of Measuring High-Value Resistors, V. I. Ivanov ..... 








Equal Sensitivity Curves in AC Bridge Circuits with Phase~Sensitive Indicators 
V. Yu. Kneller ........2-. 








A Thermoelectric Method of Evaluating the Purity of Platinum for Standard Thermocouples, 
B, K, Bragin, .. .. ee ee eee 


A Device with Two Degrees of Freedom for Measuring Vector Quantities, L, F, Kulikovskii 
and P, P, Kemeshis......... 


ener eeee 


October 

RUSS. 

PAGE PAGE 
149 1 
152 4 
156 1 
161 10 
162 11 
165 13 
168 16 
171 18 
114 21 
116 22 
119 24 
181 26 
182 21 
184 28 
189 32 























CONTENTS (continued) 


PAGE 
Measurements at High and Ultrahigh Frequencies 


Measurements of Current by Means of Thermistor Bridges at Frequencies up to 1000 Mc. 
G. M., Strizhkov and B. E, Rabinovich .... 


A Cascade Reflex Voltmeter. Yu. V, Mikhatskii, . 


*eeeeeoeeteeneteeneeeeeeneeeeeeeeeee 197 





soeeeeneneeneeneeneeeneeeeneeneeeeee 800 





A Reactive Method of Measuring Dielectric Losses. K.S, Polulyakh ......0.eeeee08% 802 





Measurement of Volume 


Calibration in Centimeter Steps of Horizontal Tanks with Cylindrical Bottoms, E, N, Lessig 808 


Measurement of Liquid and Gas Flow 


Consumption-Measuring Differential Manometers with Automatic Correction for Several 
Gas Parameters, M. D. Gafanovich . . 


oeeeeveeveeeeveeeeeeveeveeeeeeveeeweeeeeeaeee 810 





Measurements of Small Consumptions of Mazut, K, L, Didenko and V, M, Levin .......- 816 





Measurement of Melting Levels, B. A. Glagovskii.....ccececcecceceseccsseces 819 





Material Received by the Editorial Board 


The Organization and Activity of Industrial Test Laboratories, (Comments on K, N, Katsrnan's 
Article.) A. L, Suvorov eeeeveeveeveeeeeeeeeeee 


*eeeeensteeeeenrteneeneneeeeee 822 





Information 


The All-Union Scientific Conference on Radiotechnology. Work in the Sphere of Radio 
MeasurementS ,....e0eeeee08 


eevee eeeveeeeeeeeeeveeeeveeeeeeee eee eee 828 


Conference on the Production of Laboratory Balances .....ccccccesccesseesesese 832 


The Committee of Standards, Measures and Measuring Instruments 


Measures and Measuring Insturments Approved by the Committee as the Result of State Tests 
and Passed for Use in the UBGR. ccc ccc ccc cece cece eecececceeceecees 833 


RUSS. 
PAGE 


42 


417 
51 


61 
63 





A SYSTEMATIC IMPROVEMENT IN LABOR PRODUCTIVITY IS THE 
PRESSING TASK OF THE COMMITTEE'S LOCAL AGENCIES 


B. L. Sokolov 


It is noted in the 21st CPSU Congress decisions that one of the most important tasks of the Seven-Year Plan 
is a substantial improvement in the productivity of labor, This decision fully applies to the State Inspection Lab- 
oratories of Measuring Equipment which are faced with problems of labor productivity, the full use of reserves, 
and overlooked possibilities in utilizing more efficiently the operative personnel's working time, all of them re- 
quiring immediate solutions, in view of the fact that the decisions of the 21st Party Congress and those of the 
June Plenum of the CPSU Central Committee must be carried out in the laboratories without an appreciable in- 
crease in the existing operative personnel, 


It is at present advisable to introduce a change in the organizational structure of the inspection laboratories, 
Many laboratories have retained the old internal subdivisions in all the spheres of measurements, Such an organi- 
zational structure obliges the leader of each group to spend some of his working time on administrative and organ- 
izational problems, even if his group consists of 3-5 people only, It is necessary to decrease the number of sub- 
divisions inside the laboratories and merge two or three groups into one, with a senior engineer in charge of it. 
Larger groups provide the personnel with greater flexibility in their work and the leader with an easier problem 
in distributing his forces; workers of such groups obtain the opportunity of mastering related specialities in instru- 
ment testing, thus advancing towards the required universality, Finally, the merging of small groups frees their 
former leaders of any administrative functions, thus making them entirely available for production work, Some 
of the inspection laboratories, having carried out such reorganization, have become convinced of its beneficial 
effects on the fulfillment of the planned targets, increased skill of the personnel, and improvement of labor pro- 
ductivity, 


In a number of laboratories there still exist separate inspectorate groups, The segregation of these groups 
has badeffectson the general inspection work, since their personnel is divorced from routine testing and loses its 
skill through lack of practice. In inspectorate groups people are often employed who are unsuitable for testing 
work and unfamiliar with testing techniques, Moreover, the skilled personnel of these groups is often too small 
for general inspection of large plants with diverse and complex measuring equipment, thus leading to inspection 
at a low technical level. 


Workers of the inspectorate groups often duplicate the work of state inspectors by establishing temporary 
branches in localities and inspecting the areas which had only recently temporary inspection branches established 
in them by state inspectors, It is necessary to end the segregation of the inspectorate groups in the laboratories, 
and distribute their personnel among other groups, so that for any general inspection, whether it is a trading es- 
tablishment or a metallurgical combine, specialists with the required training can be allocated for inspection from 
among the groups’ personnel, and highly skilled specialists sent for the general inspection of large industrial es- 
tablishments, This measure will have a beneficial effect on the wastage of labor time and the productivity of 
labor of the laboratory operative personnel, 


It is instructive to quote the experience of the Gor‘kii State Inspection Laboratory, which tackled the prob- 
lem of labor productivity and investigated the reason for inefficient utilization of the working time, 


On the basis of the 1958 report, it was pointed out to the laboratory that the production per head of its oper- 
ative personnel was low, and it was suggested that it was due to the bad organization of labor and excessive internal 
divisions, which prevented the leaders of the groups from directly participating in the routine work, 
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The laboratory personnel examined the possible ways of raising labor productivity and adopted the following 
measures, The number of internal groups was reduced by three and it is contemplated to abolish yet another group, 
The size of the newly established groups is of the order of 10-16 people. The workers of the inspectorate group 
were transferred to the testing groups, Energetic individuals with initiative and suitable qualifications for tech- 
nical and organizational leadership were placed at the head of each group. In addition to supervising work, the 
heads of groups participate in the testing and inspection work, 


The supervision of departmental inspection agencies, which was previously segregated, was also transferred 
to test groups, and it is now being carried out in conjunction with requests for instrument repairs at the same or 
neighboring plants, This measure provides considerable savings in the inspectors’ time and travelling expenses in 
view of the existence in the Gor'kii region of 44 establishments with 204 measuring equipment inspection agencies, 

The laboratory has strengthened the control over a rational and full utilization of each operative worker's time, 

At the production conference the workers of the Gor'kii laboratory made other useful suggestions foran even more 
efficient use of the operative worker's time and greater labor productivity, All these measures provided in the 

first quarter of their application an increase of 21% in the production of each operative worker. 





Great opportunities for raising labor productivity exist during the operation of temporary branches for check- 
ing measures and measuring instruments in the localities, 


The laboratory workers of the Russian Federation operate annually over 2000 temporary branches, spending 
in them over 75000 man-days, It is obvious that an efficient utilization of the state inspectors’ time would have 
a beneficial effect on the general productivity of labor, and would in turn make it possible to use them in other 
laboratory work by reducing the time spent by them in the localities, 


However, the organization and operation of temporary branches suffer to date from many defects, which 
lead to a low laboratory productivity, inefficient utilization of the inspectors’ time and, in many instances,to an 
unsatisfactory state inspection owing to lack of supervision of the temporary branches by the laboratory 
administration. 


In order to raise labor productivity and improve the quality of state inspection, the personnel and adminis- 
tration of inspection laboratories should take energetic measures for a better organizaton of the work of temporary 
branches, Tentative schedules for the operation of temporary branches should be discontinued; they should be fixed 
on the basis of previous experience in such a manner as to encourage the state inspectors to carry out productive 
and high-quality work, The supervision of the quality of inspection in these branches and proper utilization of 
the inspectors’ time should be increased. 


At the same time, inspectors who carry out high-quality work in the localities and reduce the time spent on 
it should be commended, The experience and methods of work of such inspectors should be studied in every lab- 
oratory and given wide publicity. The report of the work carried out in temporary branches should be examined 
at production conferences of the laboratories and evaluated according to their results. 


Often state inspectors spend two or three days on their return from the districts on compiling an operation 
and financial report, Such a waste of time should be immediately stopped and the inspectors instructed to pre- 
pare their reports during the operation of the temporary branches, so that on their return they would only have 
to compile the final summaries in the minimum of time, 


Mobile inspection laboratories play an important part in raising the labor productivity in local inspections, 
The use of auto transport in local inspection, with a few exceptions, is still far from being efficient, A rational 
use of auto transport combining testing and inspection work shortens considerably the operation of temporary 
branches and leads to high-quality state inspection, 


The curtailment and elimination of some of the cumbersome and unwanted accountancy will lead to greater 
labor productivity in the inspection laboratories and permanent district branches, The writing of reports by test i 
groups of the laboratories should be reduced to the minimum; the registration of technical statements, certificates, 
inspection documents, etc,, should not be done by test groups. Any work of that nature should be carried out by 
clerical workers in the laboratories and by the receivers of the instruments, " 


Many heads of laboratories who have on their staff clerical workers, demand that leaders of permanent 
district branches compile financial and operational reports and keep accounts, As the result of these unreasonable 





150 











demands, the senior engineer in charge of a district branch, instead of being a technical worker, becomes essenti- 
ally an administrator and accountant and cannot devote his time to inspection work, Heads of laboratories should 
free the engineers in charge of district branches from such unsuitable work, and let the branches keep current ac- 
count of state collections only, All the remaining operations should be carried out by accountants and econom- 
ists at the inspection laboratories, 


It is important for state inspectors to combine specialities, i.e., to have a knowledge of instruments in sev- 
eral spheres of measurements, This condition will provide the possibility of sending to a factory one inspector 
to inspect and test instead of several specialists, Therefore, technical courses in the laboratories and per- 
manent branches should provide the opportunity for state inspectors to acquire skill in new methods of testing and 


studying related specialities. The experience of the Kaliningrad, Kaluga and other inspection laboratories shows 
the expediency of such measures, 


Rationalization of work, especially of labor-consuming processes leads to greater labor productivity, Many 
laboratory workers make suggestions for more efficient and simple ways of testing and introduce them in their 
own laboratories; these proposals, however, are not given sufficient publicity, It is necessary to organize a wide 
exchange of experiences in the field of rationalization and inventions, and to encourage the adoption of approved 
suggestions in all the inspection laboratories and permanent branches, 


At the same time the work of the Committee's departments in the practical application of rationalizing 
suggestions originated by inspection laboratories is lax, For instance, a method for speedier and simpler check- 
ing of goods scales, proposed by technical inspector I, S, Krever of the Chernigov State Inspection Laboratory 
has been under consideration for a long time now, 


The introduction of large standard weights into routine laboratory testing of truck and railroad car weigh- 


bridges,as well as the adoption of motor trucks equipped with weighing apparatus,has been under consideration 
for a long time, 


According to the report of the Stavropol’ laborabory, which equipped motor trucks with weighing apparatus 
and uses half-ton weights, the time required for checking motor truck weigh~-bridges has been halved, The rise 


in labor productivity and enormous saving in time become quite obvious considering that there are 3000 weigh- 
bridges in the Stavropol’ region, 


Rapid-action grips (Committee—approved in 1958)for fixing manometers to sleeves of . manometric presses for 
mass-production checking, greatly increases the speed of checking. However, to date no provision has been made 
for the centralized manufacture of several hundred such grips, and the laboratories are obliged with great difficul- 
ties to find ways and means of making them one at a time at a very high cost, 


In view of the decisions of the 21st Party Congress and the June Plenum of the CPSU Central Committee on 
a wide application of new technology, group mechanization and automation of production, and elimination of 
heavy manual labor in the near future, the adoption of rationalizing suggestions, which make testing easier and 
quicker and raise labor productivity has become an urgent matter. 


The development of equipment for automatic checking of analytical weights, pointer electrical instruments, 
and other measuring equipment which arrives in large quantities for checking in inspection laboratories,is still 
urgently required, It is also necessary to revise certain test instructions in order to eliminate test operations which 


are not essential. This refers to measuring pulse generators, whose checking takes up 40 to 60 hours, power 
meters, etc, 


Finally, it is necessary to revise the production norms for state inspectors or establish a new method of es- 
timating their work. The prevailing norms which were established in 1955 have become so outdated that they 
have almost lost any practical value, It is high time to establish rational production norms which would provide 


a complete and clear estimate of the work of state inspectors and would improve the work of the State Inspection 
Laboratories, 


The personnel of the State Inspection Laboratories of Measuring Equipment should systematically improve 


the ways and methods of their activity, look for hidden possibilities for all-round improvement of labor produc- 
tivity and saving of state funds, 
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Editorial Note, In view of the decisions of the June Plenum of the CPSU Central Committee,special im- 
portance is acquired by the automation and mechanization of testing, in whose development the initiative of 
the State Inspection Laboratory workers can play an important part. With the aim of the widest possible exchange 
of experience by means of our journal,and utilization of practical achievements which provide increased labor 
productivity, we beg our readers to send to the editorial board articles on such achievements. 


ANALYSIS OF THE MANUFACTURING ERROR OF 
A DISCRETE-“ACTION INTEGRATOR 


V. A. Volkonskii, M. A. Gol'tdinov, S. M., Kessel’man, 
and A, S, Nemirovskii 


Both analog- and discrete- action integrators are widely used in measuring instruments, The latter are more 
commonly used, For instance, our industry manufactures differential flow gages with discrete-action integrators 
only, This is due to the fact that the dynamics of the discrete-action integrator do not depend on the nature of 
the measured process, since the speed of setting of the integrator components and the time of switching in and 
out of the cycle do not depend on the nature of variations of the process under test and are determined only by the 
constructional peculiarities of the integrator. In some of the discrete-action integrators the effort required for 
their operation is not transmitted to the measuring system of the instrument, 


Descriptions of discrete-action integrators can be found in the 
qf literature [1] and in installation and operating instructions of the 
ia pre plants which produce them, 


The integrating graph obtained by means of discrete-action 

integrators is shown in Fig. 1, Here the straight lines OA, O,A,, 
—_— etc,, represent the law of movement of the integrator cycle set- 

ter, and the curve represents the measured quantity; qj; are the 

recorded ordinates, Hence it could be said that this graph repre- 
~ sents an ordinate “sampling” method, In the integrator made by 
the Khar’kov plant "KIP” and mounted in secondary type MV in- 
struments, the cycle is set by a synchronous motor, which operates 
a roller carrier; the integrator of the Moscow plant "Manometr” 
a 0; t mounted in secondary instruments type EPID has a synchronous 
motor with contact rings, The instant of ordinate sampling de- 
pends on the angle of rotation of the lever (in the "KIP" integra- 
Fig. 1 tor) or the brush (in the "Manometr” plant integrator) which is 
connected to the instrument indicator, 
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Owing to inaccuracies of manufacture and instability of external conditions, discrete-action integrators 
work with errors which result in errors of integration. In studying the errors of the discrete-action integrators, it 
is convenient to divide them into those due to the integrating procedure (discrete integration of a continuous vari- 
able), those due to reading (reading off an auxiliary scale, or by means of a digital computer where the error is 
due to the beginning or the end of integration not coinciding with the instant of the appearance of a digit), and those 
due to errors in timing the integration cycle (for instance, due to variations in the supply frequency). In addition 
to the above errors, there also exists the manufacturing error of the integrators, 


If a measuring instrument is not connected to an integrator, its manu facturing error will consist in the angle 
of rotation of the output axle not remaining constant, but varying from cycle to cycle when the input lever, 
which provides the integrated variable,remains in a fixed position, This error is due to many random causes, 
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which affect the delay in the switching in or out of the counter ineach 
cycle of integration, For instance, in the "Manometr™ plant integrator 
the delay is due to the electromagnetic clutch, 


The difference between the actual rotation angle y of the in- 
tegrator output axle and the mean rotation angle ¢; for a large num- 
ber of cycles with a fixed position of the lever which supplies the in- 
tegrated variable (the mathematical expectation of the rotation angle) 
should be known as the manufacturing error of a discrete-action in- 
tegrator: 





Api =91—oi- 


Thus, by definition the mathematical expection of this error is 
zero,* 








‘The corresponding error of the measured variable for one integ- 
rating cycle will be 





4, = 
Fig. 2 om Kae, (1) 


where k is the conversion factor between the rotation angle and the measured variable, 
The error of the integrating procedure is a function of the measured variable, 


The manufacturing and integration errors do not depend on the measured variable and can be determined 


experimentally, Results of such experiments and the calculation of the integration error dispersion are the subject 
of this article, 


The integration error corresponding to the time interval (0, T) is 


r 
Su= J¥u (t) at. (2) 
ra) 


Since the mathematical expectationof the manufacturing error is M6, = 0, the mathematical expectation 
of the integration error corresponding to these errors is also zero, MAy = 0. 


The dispersion of the integration error will be from (2): 


v 
fRu (4, 8) dtds, 
v0 


Ss 


D&y=- 
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where R(t, s) = M[6,, (t)5y(s) ] is the correlation function of the manufacturing error, 


If the process is assumed to be stationary and ergodic **, as it appears to be from experimental investiga- 
tions we have: 


‘ T-t » 
Ddu={ J Ry(x)dt dv ~ T { Ry(s)dr, 


o =¢ 


* The mathematical expectation becomes distinct from zero due to the angle gj and the integrated variable 
matching inaccuracy which only arises owing to an inadequate connection of the integrator to the instrument, or 
to an error of the instrument itself, 

** The probable characteristics of the manufacturing error, according to the experience gained, do not change 
with time, hence they are stationary in the broad meaning of the word, 
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where Ry(T) = R, (0,7). Next by introducing the depth of corre- 


2 
lation Tr which is: 


Ry, Min 
W 


l 
Ty —— | Ry (*) dat, 
Di, ‘ -_ (4) 


0 





we obtain from (3) and (4) 


DSy~2 Try Diy. () 


Hence in order to determine the dispersion of the integrating 
error DAy it is necessary to know not only the dispersion of the 
manufacturing error Dd ,,, but also the quantity T,,. In order to 
find these probable characteristics, integrators of the Khar'kov 
plant type "KIP" and those of the "Manometr” plant were tested, 

















The rotation angles of the integrator output axle for a fixed 
position of the input lever or brush were measured, and discrete 
values of the manufacturing error were determined 


fed «=P 
i=1 


] ’ 
sae 
: ri .: ne \ 


where n is the number of measurements. 


Measurements were made by means of a goniometer with 30" graduations, and equipped with a special at- 
tachment for fixing the integrator under test, 


During tests the input component of the integrator was placed in a certain position and the integrator was 
switched in for an operation over one cycle at regular intervals, At the end of each cycle the rotation angle of 
the integrator output axle was measured, 


A large number of measurements were made for several positions of the input component, For instance, in 
the case of the “KIP” integrator, measurements were made in four positions of the input lever corresponding to 
yg = 40°, 70°, 100°, and 133°, In each position 80 tests were carried out. On the basis of the data thus obtained: 


1, Curves of manufacturing error distribution were plotted for separate series of tests and the whole set of 
measurements, Figure 2 shows the final error distribution curve of a "Kip" integrator for all the four series of 
tests*. Tests have shown that the error distribution laws for separate series of tests and the entire set of measure- 
ments are very close to each other and approach the normal distribution law, 


2. The dispersion of the manufacturing error was calculated from formula: 


Dig. (6) 
n 


where nj is the number of similar values of Ag; n is the number of all the measurements recorded, 


The value of the manufacturing error dispersion for the “KIP" integrators is DAg = 0.5 (degrees)* and for the 
"Manometr® plant integrators it is DAg = 58 (min of the arc)’, 


3. The correlation relationship graph of the “KIP" integrator for 9; cp = 133° was calculated and plotted 
(Fig. 3, the curve of the manufacturing error distribution), 


* Such a combination of data for the purpose of plotting a common curve is permissible, since the error in the ro- 
tation angle of the output axle is independent of the value of the input signal, 
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Integration time T 
Integrator 
8 hours 1 hour | 20 minutes | 4minutes 
Khar'kov plant "KIP" 0.15 0,42 0.73 1,65 
| "Manometr” plant 0.027 0.077 0.133 0.3 





The calculation of the correlation coefficient was made by means of formula 





Y 49 8%) 4m 
R ( mT )- 19 (7) 
a on ~~ (n—m) D (4¢) 


It will be seen from the graph that the correlation function ct mT/n = 2 min becomes less than 0.15-0.2, 
1.e,, correlation relationships of the manufacturing error are attenuated rapidly, 


By using the data thus obtained and formula (5) it becomes easy to calculate the limiting error of integra~- 
tion fromthe manufacturing error, 


It can be shown that with a normal distribution of the manufacturing error,and the integration time consider- 
ably larger than the attenuation time of the correlation relationship, the integration error has a distribution law 


approaching normal distribution. Hence the limiting (referred to the maximum value of integral q,,,,,T) error 
can be calculated from formula: 





300 DS, —_300 \/ 2, Dd, (8) 
Imax 7 Imax r 


(with a probability 0.9973 | Ay| = € d;,4x7)- 


Let us note that the output-axle turning angle which corresponds to the maximum value of the measured vari~ 
able is pax = 130°, hence: 


300 300 Way / Dae 

——/ Di, = ——V Diy = 1.8 V Dig (9) 
q q 

max max 





From (8) and (9) a table of the values of € in% was calculated for the “KIP" and “Manometr™ plant integra~ 
tors. _In the calculations it was assumed that the former has a value of DAg = 0.5 (degrees) and the latter 
DA = 0.016 (degrees) and that both have a value of r= 2 min, 


It will be seen from the above that with an integration time greater than 8 hours the integration error under 
consideration is very small even if the manufacturing error is large. 


However, at T = 5-20 minutes, i.e., in checking,it can have an appreciable value, 


Without dwelling on the problem of integrator testing it is possible to note that it is advisable to test in 
such a manner as to be able to determine the systematic and random errors of the transmission part of the instru- 
ment with the manufacturing error excluded, This can be achieved by using the data obtained in the study of the 
latter error and in establishing an optimum condition of measurement (with respect to the number of tests and the 
duration of each test). 
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LINEAR MEASUREMENTS 


MEASUREMENTS OF HALF-WIDTHS OF SPECTRAL LINES 
BY MEANS OF A FABRY-PEROT INTERFEROMETER 
WITH PHOTOELECTRIC RECORDING 


Yu. P,. Efremov 


Photoelectric recording of the interference fringes in measuring the length of the Fabry-Perot standards 
opens up wide possibilities for measuring, in addition to the lines of the visible part of the spectrum, lines in 
its infrared portion [1]. The present work contains measurement results of half-widths of certain lines in the near 
infrared part of the spectrum, Kr®; . 7601 A, X 7854 A, 8508 A, \ 8776 A, 48928 A, \ 9751 A, which were ob- 


tained for the purpose of investigating the possibility of applying these lines to interference measurements of 
lengths, 


The measurements of the half-widths of the lines were carried out 
by means of the same equipment as that used for measuring their wave- 
lengths [2]. The source of light was obtained from a Kosters-Engelgard type 
radiator with Kr®, excited at the temperature of liquid nitrogen by a de 
10 ma current (current density ~ 3 ma/ mm?) [3]. Observations were made 
across the capillary tube, 





Figure 1 shows a recording of two interference maxima of line Kr® 
8928 A, with a rate difference 2t = 94 mm (amplifier F-17 and recorder 
N~-16), 





The observed half-width W of the line can be easily measured: W = 
AB _ A'‘B' 


"A A‘A 
in cm™ if Av = 1/ 2t is expressed in cm™, 








in fractions of the order of interference (Fig. 1) or W sot 


In order to determine the actual half-width w of the line, it is necessary to know the apparatus half-widtha 
and the relation between the observed W, the apparatus a and the actual w half-width, 
The apparatus half-width for the Fabry-Perot standard is determined (in fractions of the interference pattern) 


only by the reflection coefficient R of the standard mirrors: 


ta R 
RVR 





(1) 


When the Fabry-Perot interferometer is used with photoelectric recording, the apparatus half-width a also 
depends on quantity A of the recorded portion of the interference pattern (or on the dimensions of the diaphragm 
which separates that portion) so that a = ay) only when A+ 0. 


A detailed examination of the manner in which the dimensions of the ring diaphragm, which separates a 
part of the interference pattern,and the irregularities of the standard plate surface affect the widening of the ob- 
served contours of the lines, as compared with the actual lines, has been carried out by Chabbal [4]. 


It is, however, more convenient to determine experimentally the apparatus half-width a and its relation to 
quantity 4. Moreover, an extrapolation for A +0, i.e., the finding of a = ap is possible. 
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TABLE 1 



























































2/33 Iam 2-94 Imm 2-20 Mmm 
R wo o 
mA) Was | fav 4 a W al 4, a vW o” lep 
1 2 3 4 5 6 7 8 9 10 7 12 13 4 
5161 0.295 0.286 0.42 0.016 30.5 45.0 25.4 0.032 14.4 36.0 27.0 26.2 1.65 
5649 0.239 0.268 0.44 0.016 28.6 37.0 17.5 0.031 13.5 23.2 15.3 16,4 1.36 
7601 0.165 0.155 0.62 0.011 16.5 22.6 11.6 0.023 8.0 17.5 13.2 12.4 1.41 
7854 0.162 4.151 0.625 0.910 16.1 25.0 14.9 0.022 7.6 16.5 12.8 13.8 1.69 
£508 0 142 0.130 0.665 0.909 14.1 22.0 13.2 0.920 6.7 16.0 12.0 12.6 1.57 
8776 0.136 0.128 0.675 0.099 13.6 20.5 11.8 0.020 6.5 18.5 14.4 13.1 170 
8928 0.135 0.128 0.675 0.009 13.6 19.0 10.0 0.020 6.5 16.0 12.0 11,0 1,46 
9751 0.132 0.125 0.68 0.008 13.3 17.1 8.0 0.018 6.3 12.5 9.1 8.6 1,24 








The effect of irregularities of the plate surfaces leads to an increase in a) as compared with its value cal- 
culated from (1), and this is equivalent to a decrease in the coefficient R, which is also included in the formula, 


It is, for instance, possible to measure a by the contrast of the interference fringes [5]. This method is 
obviously only applicable in the case of small rate differences when a >» w and hence ax W, 


For large rate differences the values of a and w are comparable and the calculation of half-width a by 
means of the contrast becomes inaccurate, 


It is better to operate in the following manner, 


Let us find an expression for the apparatus half-width in the case when a round diaphragm of radius r is 
used for separating the recorded part A of the interference pattern, 


The light flux transmitted by such a diaphragm, placed in the center of the interference rings, is propor- 
tional to the integral [6]: 


r 


© xdx 
- 7\e (2) 
{i +F sin? a( e— a 
v ag 





To an accuracy of constant factors this integral is equal to: 


b=arntg/F+i1'g: «— arctg YF +1 tg(e—A) x, (3) 


where F = ; € is the fraction of the interference pattern in the center of equal slope rings; A = (A is 


4R 
(1—R)? 
the wavelength, f is the focal distance of the objective). 


Ft 


It can be easily shown that ® = ®pay = 2 tan’ fF + 1 tan a for Emax = 


4 
2 . 
The value of the fractional part of the interference pattern € = y, for which ® = ; ® ax determines the 
apparatus half-width a, 


Thus we have 


arctg VW F+1 tg 7 x—arctg y F+ tg (y— 4) x= 
= arctg / F+i tg > 


tgyx—itgly—A)rx = tg 
1+(F + lp teyrtg(y—A)x 2 
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After transformation we obtain 


sin ym sin (y — 4) x = _ 


or 


whence 





Saced API 


1 
i.e,, @= 2 ?max for two values of € separated from € max by od A? + az. 


Hence 


a=|/ as + 32 (4) 


where ay is determined from (1). 
Let us now examine the case of a square diaphragm used in this work. 


The light flux transmitted through a square diaphragm of dimensionsh x h,placed in the center of the inter 
ference rings, is proportional to the integral: 


hiy h's 
dvrdy 


to 

?P,= 

(5) 

| | 14 Fsinte [ «EO 
v0 q Af? 





By changing over to polar coordinates p and y, integrating with respect to p to an accuracy of the same con- 
stant factors for integral (3), we shall obtain the following expression for integral (5) 





Rig 
_—— 4 — 4 
@,=arctgy F+1 tgen— =| arctg V F+!1 te(— : Jae. (6) 
cos?¢ 
0 
2 
where A, = oF , e., 4, = A for a circle inscribed in the square, 


An approximate calculation of (6) showed that for Ay < 0.03 and R < 0.70,(6) can be represented with an 
accuracy of 1% in the form of (3) if it is assumed that A = 1.27A,. 


The half-width of the lines were measured by means of standard lengths of 16.5 mm, 47 mm,and 100 mm; 
and the following relations between the observed W, the actual w,and the apparatus a half-widths were used [7, 8}: 


W2=a? +2.15m% for 0 <w <0.4a, (7) 
W =0.8a +4-0.8lo for 0.4a <w <1.5a, (8) 
W = 54a + +.04m for 1.54 <w <4a (9) 


The measurements results are given in Table 1, 
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TABLE 2 Column 1 of Table 1 shows the wavelength 
| of the measured lines, For checking purposes half- 








Radiation Temperature ” “/" D widths of two lines in the visible spectrum were 
a De iteg ea iC a measured (green Hg'®*), 5461 A and yellow-green 
5461 A Hg" | 18°C 24.9 1.57 Kr™ ) 5649 A), 
ditto 0 20.0 1a 


Columns 2 and 3 show the values of the ob- 























| 
6438 A Cd, 305°C 34.8 4 | served and apparatus half-widths in fractions of 
6438 A Ca" 250°C 32.5 1.34 | the interference pattern obtained by means of a 
5649 A Kr¥ : 63°K 14.5 1.32 | standard of t= 16.5 mm (Av =1/2t = 0,303 em™4), 
60s A Kr 63°K | 13.1 1.2 | In this instance, for all the lines w < 0,4a, and 
oe Seen iain onecets hence the apparatus half-width a approaches the 
observed one W; moreover, the values of A used 
TABLE 3 in this instance were sufficiently small (A; < 0,005) 
and hence the value of a practically coincided with 
ans reor | 708 | see | errs | gees | ors | a. The values of a = a) were found from the 
| values of W in the following manner, It was first 
eS ote ea assumed that a/Av = const for all the rate differences 
V 0.12 0.10 0.20 0.05 0,18 0.35 | and that for 2t = 33 mm a=W. From the 























known values of a and W for rate differences of 
2t = 94 mm and 200 mm preliminary values of 
the lines were determined from (8) and (9), Tak- 


ing the values of W obtained for 2t = 33 mm and the preliminary values of w, accurate values of a = ay were then 
found from (7). 


The apparatus half-widths(columns 6 and 10) for other rate differences were determined from the known 
values of A; (columns 5 and 9) and formula (4) in which it was assumed that A = 1,274, From the known a and 


W and relations (8) and (9) the half-widths w* and w” were then calculated for 2t = 94 and 200 mm (columns 8 
and 12), 


The final values of the half-width measurements are given in column 13 as a mean of the values of w" 
and w", 


The half“widths of green line Hg’ ) 5461 A and the yellow-green line Kr™ 5649 A coincide with- 
in the measurement accuracy with the data obtained by Terrien [9], Thus relations (7), (8),and (9) derived for 
values of R = 0.7 also hold for lower reflection factors, 


Column 4 of Table 1 contains the value of the reflection factor R of the mirrors calculated from (1) on the 
basis of the data in column 3, A direct measurement of R was made by means of photocell FESS for white light 
only (incandescent lamp) and green light of a mercury lamp: R = 0.57 for white and R = 0.43 for green light. The 
agreement between the values of R calculated from the experimental determination of the apparatus half-width 
and those measured directly for 4 5461 A confirms once more the accuracy in determining a». 


Column 14 of Table 1 gives the ratios of the measured values of the line half-widths to their Doppler half- 
widths wy for T* = 77°K (Kr®) and for T® = 20°C (Hg™), 


Table 2 compiled from the data obtained by Terrien [9] also contains some of the ratios of the half-widths 
of spectral lines to their Doppler half-widths, 


As seen from Tables 1 and 2 the investigated infrared lines of Kr® of ) 7854 A and } 8508 were wid- 
ened as compared with their Doppler value approximately in the same ratio as the green line Hg’ \ 5461 A at 
the source temperature of T° = 18°C, The widening of line \ 8776 A is comparable to the widening of \ 5461 A 
at a higher temperature of T° = 20-21°C, The widening of lines } 8928 A and A 7601 A is comparable with the 
widening of the red line of natural cadmium ) 6438 A, and line \ 9751 A is comparable with the widening of 
the orange line Kr™ ) 6058 A at T® = 63°K, It should be assumed, therefore, that the tested infrared lines of 
Kr®* can be used for interference measurements of length with the same justification as the lines of the visible 
spectrum which are comparable with them in the widening w/wp. The advantage of the infrared lines consists 


in using them to observe interference patterns at a greater difference rate. Thus the limiting difference rate of line 
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Kr® ) 7601 A should be equal to 2m = Yw ~800 mm, 
whereas for the red line of natural cadmium A 6438 A (its 

| widening w/wy is the same as that of line \ 7601 A) 2tim™ 

~ 300 mm, 


With a difference rate of 2t = 650 mm the interference 
fringes were clearly recorded for every one of the six inves- 
T=77°K 
2a=650 mm tigated infrared lines, 








V,=027 Table 3 shows the values of the line visibility V = 
V2 =0.17 5-9. _ Imax = Imin 


= ————— obtained in this test, The value of A, was in 
Imax + Imin 
Vy =0.12 this instance 3,25 times greater than its value for 21=200mm_ | 


(see Table 1), 





It will be seen from Table 3 that the recorded visibility | 
of the interference fringes is, generally speaking, small. It 
is, however, possible to raise it artificially by using for the 
amplification of the photoelectric current a nonlinear am- 
plifier, which would amplify the maximum value of current 
more than its minimum value, Figure 2 shows a recording 
of interference fringes for line \ 7601 A, made by means 
of such an amplifier and a recorder PS1-02, It will be seen that the visibility of fringes rises more rapidly than 
the magnification, | 














Fig, 2 


Moreover, by displacing by some means the value of Ip jn towards the zero line of the chart, it is possible 
to record interference fringes of the required “visibility.” 
CONCLUSIONS 
The lines of the near infrared region of the spectrum of Kr® can be successfully used for interference meas- 
urements of length , especially for difference rates exceeding 500 mm in cases when measurements by means of 
visible lines of the spectrum become difficult or altogether impossible. 
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DETERMINATION OF PARAMETER R, OF SURFACE ROUGHNESS 
BY MEANS OF A PLANIMETER 


A. N, Kartasheva 


GOST 2789-59 specifies as a measure of roughness the arithmetic mean of the absolute distances of the 
measured profile points to the mean line R,. In determining R, from the profilogram recorded on paper by any 
existing method, it is possible to use a geodetic planimeter, This method reduces the labor spent on determining 
Rg to 1/2 and 1/3 as compared with its analytical calculation from the profilogram, 


In order to be able to determine R, by means of a 
































y, mM planimeter it is necessary to divide the whole profilogram 
ys | | | ‘) _m, into segments whose lengths corresponds to the chosen 
mi fi m, base line, and to draw a mean profile line within eachseg- 
% ty Ky % ment, 

% t, 








LG 
= ef Ky : This operation is achieved in the following manner: 


Let us assurhe that the segment of the profilogram within 
whose limits it is required to draw a mean profile line is 
given in an arbitrary rectangular system of coordinates (x;, y;)(see figure), Let us determine by means of the 


planimeter the area P, enclosed by the profile line, the x, axis and the perpendicular dropped from point K onto 
the x, axis: 


Nye i YX) dy (1) 


where 1 ym is the length of the profilogram segment, 


The planimeter should be placed in such a position that during the tracing of the contour the angle between 
its levers should not be too small or too obtuse, When the planimeter is placed into its operating position, it is 
necessary to record the initial readings of its counters, The contour of the area whose value is to be determined 
is traced twice, and after each time the readings of the counters are recorded, Then the differences between the 
readings are calculated, They should not deviate from each other by more than 2-3 digits of the lowest signif- 
icant figure, In order to determine the area of the traced surface, it is necessary to multiply the arithmetic mean 
of the two readings obtained by the value of the planimeter graduation, 


In order to determine the ordinate Yj; of straight line mj-m, we use equation: 


me 2 
—— \ ys (x,) dx). (2) 
lim 5 


We now draw straight line m,—m, parallel to the x, axis at a distance of ‘1 from it, Straight line m,y—m, is the 
first approximation to the mean line. We now determine by means of the planimeter the area F, enclosed by the 
profile line on one side of line m,—m, and the line itself (this area is hatched vertically), If the system of co- 
ordinates is now turned through angle a, about point O in the anticlockwise direction, we shall obtain a new sys~- 
tem of coordinates (Xg, yg). By repeating the operations described above we shall obtain area Py enclosed by the 
profile line, the xz axis,and the perpendicular dropped from point K onto the x, axis. By dividing this area by the 
length of segment OKg =m, we shall determine the ordinate y, of the straight line mg—mg. By drawing line 
Mg—Mg parallel to the x, axis we obtain the second approximation to the mean line, We now determine the area 


F, enclosed by the profile line and situated on one side of line mg—mzg and the line itself (this area is hatched 
obliquely), 


By turning the system of coordinates through angle a, we obtain a new system of coordinates (xs, ys). In a 
similar manner we can determine the third position of the mean line ms— mg and area F; enclosed by it and 
the profile line. 
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Thus we obtain the relation between the angle of slope a 




















and the area F (see table). 
a, = 0 Oe a 
The mean line direction which provides the minimum area 
FE F F F is chosen-as its final position, By interpolating graphically the 
. . . angles «we obtain the required value of the mean line angle of 





slope. 


In the above method of determining the position of the 
mean line by means of the planimeter at least six planimetric measurements are required (three for determining 
y and three for measuring area F), 


After the mean lines have been drawn within the area of each segment which corresponds to the base length, 
we determine by means of the planimeter the areas of the figures enclosed by the meanline and the profile line 
above (F) and below (F*) the mean line. 


Parameter R, is determined from the relation 


F+F’ 
R= = ° (4) 
Fi 


where J; is the length of the profilogram segment over which R, is being determined, 


For these operations it is convenient to use the geodetic profilograph PP-2k (MIIZ), which has two counters. 
When the contour is being traced both counters work simultaneously, thus providing the possibility of raising the 
accuracy of the area measurement without additional tracing. 


The maximum error of this method of determining R, is, according to the tests we carried out, of the 
order of 7-10%, 


MEASUREMENT OF THE THICKNESS OF LUBRICATION LAYERS 


A. A. Kut'kov 


Information on the stability of adjacent lubrication layers is not only scarce, but also contradictory, Ac- 
cording to some authors,boundary lubrication layers 0.1-0.3 yw thick can withstand large normal loads of the 
order of 2000 kg-wt / cm? and higher [1-3]. Other investigators assert that at as low a load as 4 kg-wt/ cm* the 
thickness of the lubrication layer is reduced to 0.022 p [4]. 


In this connection the author developed in the Novocherkassk Polytechnical Institute an instrument which 
determines by means of direct measurements the thickness and strength of the boundary lubrication layers, 


The instrument is based on the following consideration: if a metal rod, one end of which is treated as the 
working surface of the instrument, is placed between two hard plates (Fig. la), and a lubricant supplied to the 
working surfaces, the lubricant will form a layer of a certain thickness (Fig. 1b) resulting in the straining of the 
rod, The measurement of the deformation of the rod will provide a measure of the thickness and strength of the 
lubricant, 


The mechanical part of the instrument (Fig. 2) consists of a steel rod, 7, of circular cross section, placed 
between steel plates, 2 and 10, which are connected by two posts, 6, The touching working surfaces of the rod 
and plate, 2, are polished to the 14th grade of finish to GOST 2789-51, the mean micro-irregularities not exceed- 
ing 0.04 yw. Deviations of the working faces from a flat surface could not be seen in a double microscope, The 
rod can be initially loaded along its axis by means of screw, 9, which has a micrometer thread and ball bearing, 8. 
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Screw, 9, is controlled by work gear 11, The maximum vertical displacement 
mi me required in the experiment does not decouple the worm gear from the micrometer 
screw, By means of worm gear, 1, and micrometer screw, 3, it is possible to sep- 
arate the heel of rod, 7, from the working surface of plate, 2, The pressure from 
the screw to the rod is transmitted through a steel ball, 4, Pump, 14, serves to 
' \ supply the lubricant under test to the working surfaces of the instrument. 





























Resistance-type electrical strain gages are used to measure deformations 
} ae a aN of the thin part of the rod, Transducers R, and R, which form opposite sides of 
a b a bridge are glued to rod, 7, and transducers Rg and Ry designed for temperature 


compensation are glued to post, 15, which is placed alongside the rod, The 
bridge is balanced by means of a slide wire 17, with transducers 
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Rs and Rg. Transducers Ry, Rg, Rs, amd R, are 113.3 ohm and 25 mm long, and transducers Rg and R, are 
300 ohm. 


Before the experiment the measuring part of the instrument is calibrated by straining the rod with known 
loads, Next the oilcontainer (a recess in the lower plate) and the components of the oil pump are washed out 
with aviation gasoline The ends of rod, 7, plate, 2, and screws, 3 and 9, and the ball bearings are washed in gaso- 
line and ethyl alcohol and cleaned with activated carbon, After drying, the components are placed in position 
by means of tweezers whose ends have also been washed in ethyl alcohol and cleaned in activated carbon, The 
tank of the oil pump is filled with the lubricant under test, its lid is screwed on,and the pump placed in position, 
Next the instrument is covered with its lagging, 12, and allowed to stand for a while sothat its components will 
acquire a stable temperature, The temperature under the lagging is checked by means of thermometer, 13, and 
that of rod, 7, and post, 15, by means of two highly sensitive thermocouples 5 and 16, whose emf is measured on 
the same milliammeter, A third similar thermocouple is mounted in the oil pump tank 18, and serves to check 
the temperature of the lubricant, The thermocouples and the thermometer provide temperature variation meas- 
urements of  0,05°C, 


After the temperature has been stabilized, the bridge is balanced by means of the current adjusting device, 
17, whose screw knob is mounted outside the lagged container, Next, by turning worm gear, 11, an axial pressure 
is obtained which must not exceed its critical value derived from Euler's formula, The pointer of the galvanom- 
eter should return to zero when the pressure on the rod is raised and returned to normal several times, 


Having loaded the rod the third or fourth time to the initial value required by the experiment, the value 
should be noted and the rod compressed from the other end by means of screws, 3 (whose worm-gear knob is 
mounted outside the lagged container), The pressure provided by this screw should be sufficient to lift the heel 
of the rod from its resting surface by 0.3-0.5 uw. Similarly to the previous operation this pressure should be raised 
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Fig. 3. 1) Commercial oil 
45 (machine oil S); 

2) commercial oil 20 (spin- 
dle oil Z). 


and returned to the initial value three or four times with the galvanom- 
eter needle returning to its initial deflection, Next after the third or fourth 
lifting of the heel from its resting surface, the lubricant is supplied by turn- 
ing the pump handle, and the pressure caused by screw, 3, is rapidly 
released, After a short time the galvanometer reading is again taken, 


The sensitivity of the instrument with a mirror galvanometer GZP=-47 
GOST 7324-55 was 4 divisions of the scale for 1 kg load, i.e., a stress in 
the rod of 5 kg/cm?, The absolute shortening of the rod with a load of 
1 kg was equal to 0,1 uw. 


The measurement error of the instrument does not exceed 15%, 


Tests were made with the following lubricants: commercial oil 45 
(machine oil S) and commercial oil 20 (spindle oil Z), 


Figure 3 shows the curves obtained on the basis of these tests, 
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MEASUREMENTS OF MASS 


A TRUCK FOR CHECKING TEN-TON SCALES 


Ya. Il. Keimakh 


In fulfilling the decisions of the 21st Party Congress, the personnel of the All-Union Scientific Research In- 
stitute of the Committe of Standards, Measures, and Measuring Instruments has developed, in time for the June 
Plenum of the CPSU Central Committee, a new design for the weighing equipment of the ZIL~151 motor truck 
which provides mechanized, automatic,and remote controlled loading and unloading of 0.5-ton weights onto ten- 
ton scales, 
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Fig. 2 


The main consideration in designing the lifting gear was the necessity of transporting 0.5-toncylindrical 
weights 900 mm long with a maximum diameter of 425 mm, rims for rolling and journals for lifting (Fig. 1) 
on the 4,5 ton motor truck ZIL-151, 8.4 m long, 2.45 m wide, and 3,1 m high, 


On the basis of these conditions the construction of the lifting gear was designed as follows, 
The body of the truck has a frame (Fig. 2) consisting of welded channel trons No, 10, 8, and 6,5, 


The strength and rigidity of the construction provides, with monorails, reliable lifting operations approach- 
ing stationary conditions, 


The chassis of the truck has two wooden beams fixed to it, which carry the body framework; two monorails 
(H girders No, 14) are fixed to the upper part of the frame, and protrude 1 m beyond the rear of the truck, Elec- 
trically operated 0.5 ton pulleys type TEP-0.5 run along the monorails, The driving mechanism of the pulley is 
operated by a 0.4 kw 1440 rpm motor, 9, type AOL-22-4 by means of a magnetic starter and a single-step reduc- 
tion worm-gear (i = 47, n = 30.5 rpm). Driving sprocket, 7, is fixed to the axle of the worm~-gear and operates 
a motorcycle chain (t = 12,7) which runs over a guiding sprocket, 10, on the motor pulley to sprocket, 11, fixed 
through a tension adjusting device to the end of the monorail, and then back to motor pulley 12, to which both 
ends of the chain are fixed, The motor drives the chain through the worm-gear axle with the spindle fixed to it 
and moves the motor pulley in either direction, according to the pulses transmitted by the operator to the mag- 
netic starter by means of a push button mounted on a control board, 


The motor pulley can be placed in any part of the monorail, even if the truck has a slope of 10-15° to the 
horizontal, The lifting and lowering of weights can be carried out without fearing any slipping of the motor- 
pulley along the monorail, since the single-step reduction worm-gear and the motorcycle chain, which is tested 
for a destructive load of 1500 kg, act as reliable brakes, 
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Switches,which are mounted at both ends of the 
monorail disconnect _ the supply from the driving 
motor in the two extreme positions of the motor pul- 
ley, thus protecting,on the one hand, the motor and on 
the other, the driving sprocket from a sudden shock, 























Instead of a hook, the motor-pulley hanger, 1, 
(Fig. 3) axle carries a device, 2, for automatic grip- 
ping of the weights. This device consists of beam, 3, 
which is balanced on the hanger axle after final as- 
sembly together with its hooks and fixing details and 
two hooks, 4, suspended from lugs, 5. 




















The two-way displacement of the beam to- 
gether with the motor pulley both in the vertical and 
horizontal directions, the possibility of turning it in 
the vertical plane with respect to the hanger axle, 
and the special smooth shape of the hooks, which 
can be turned in the vertical plane with respect to 
the lug axle, provide the possibility of bringing the 
hooks close to the weight journals and automatically 
hooking them on by means of push-button controls 
mounted on a board, 


















































Thus the hooking, lifting, and lowering of the 
weights in any place inside or outside the truck body 
can be carried out by one operator from a remote 
control board placed outside the motor truck, 


The height to which the weights are lifted in- 
side the truck is 300 mm and from the weigh~-bridge 
platform it is 1600 mm, the length of the motor pul- 
ley travel along the monorail is 4000 mm, the speed 
of lifting is 8 m/ min,and the speed of the pulley 
movement along the monorail is 12 m/min, 




















The most vital part of the equipment is the 
electrical supply unit (Fig. 4) which consists of a 
220 v, 1500 rpm generator type BMZ~4.5/ 4 connec~ 
ted to the truck engine by means of a single-stage, single-speed gear box, 2, type KOM~1 with a gear ratio of 
i= 1, mounted on the truck distributing box, of a light type Cardan shaft, 3 (from aGAZ-69 autornobile) and 
of mechanism, 4, for controlling the gear box KOM-1, 


The generator (3 in Fig. 2) is safely mounted in a cover under the floor of the truck,and serves to supply 
the two motor pulleys and the two propulsion mechanism motors, 


Provision is also made for supplying the motors from commercial three-phase 220 v lines where they exist. 
The mechanism for controlling the KOM-1 gear box is worked from the driver's cabin, 


Manual adjustment, 5 (Fig. 2), mounted on the control board operates, through a system of pulleys, a flex- 
ible transmission, and a pedal and lever mechanism the mixture inlet to the truck engine, serving as a vernier 
regulator of the generator speed and thus providing a stable 220 v supply from the generator by means of opening 
or closing the choke shutter of the carburetor, 


The control board, 6, is mounted on the rear left-hand side of the truck (Fig. 2) and consists of an enclosed 
panel with a voltmeter, the generator, 220 v three-phase commercial-supply switch, knife switches for the 
two motor pulleys, and a light switch for the truck body, The control board also contains a manual mixture in- 
let control and a flexible armored five-core cable with a push-button control (a switch box) which is connected 
to the network supplied by the generator, and can be switched over to a three-phase 220 v commercial supply. 


166 























If the generator needs repairing, the truck supplies can be 
connected to a commercial three-phase 220 v supply and the 
generator lifted out of its place by means of the truck motor pul- 
leys. 





—- ---— - nipd 


The starting and stopping of the lifting drive motors and 
those for horizontal propulsion is carried out by means of re- 
versible magnetic starters, which are mounted in the bodies of 
the motor-pulleys and at the horizontal propulsion motors. 


The equipment for holding ten 0,5-ton weights,4 (Fig. 2) 
during transport, at rest.and on inclined surfaces,is mounted in 
the body of the truck and consists of channel iron No, 10 guide 
rails, 1 (Fig. 5),wooden beams on which the weights rest, wedge- 
shaped blocks for holding the weights,and bracing dismountable 
channel irons, 2, This arrangement provides a reliable fixing of 
the weights during transportation, makes the weights speedily 
available for unloading, and avoids the possibility of their side 
Fig. 5 displacement when travelling over bad roads, 
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The three-ton double axle trailer U2-AP3 is equipped with a similar device for securing weights. 


The body framework is covered with a tarpaulin hood, which can be rolled up at the side, thus providing 
a view of the weights and the operation of the motor-pulleys (Fig. 6). 


The body of the truck is lighted inside by means of two 75 w lamps. 
The testing of the lifting equipment was carried out in two stages, 


In the first stage, bench tests were made in the institute of the static and dynamic properties of the lifting 
equipment as a whole,of the motor-pulleys with a 25% overload, of the mechanisms controlling the mixture intake 
and the movement of the motor-pulleys with a longitudinal and transverse incline of the monorail, of the genera- 
tor drive and the secure fixing of the weights. 


The loading and unloading of the six weights onto the trailer was also tested, Tests showed that the protru- 
sion of the monorails is sufficient to provide the loading of the trailer, 


The second stage of testing consisted of biweekly test excursions to the places where motor-truck weigh- 
bridges were located in Moscow and the Moscow region, 


It was found in these tests that the weight of the truck with its lifting equipment amounted to 6,7 tons,and to- 
gether with theset of standard weights to 11.7 tons (10 weights of 0.5 tons each), 


The weight-carrying truckcanbe used in testing the 10-ton weigh-bridges as a tare weight of 6.7 tons, 
provided standard weights of a total of 1.7 tons are available on the spot, since the total mass of the transported 
weights only amounts to 5 tons, 


If the visited establishments lack a total of 1.7 tons of standard weights, it is possible to use the 3~ton trailer 
for carrying 6 weights and carry another 8 weights of a total of 4 tons in the body of the 4,5-ton truck in order 
to reduce its load on 3rd class roads, thus carrying altogether 14 standard weights of a total of 7 tons, and pro- 
viding the possibility of using the truck itself as a tare load, 


Field tests in various establishments showed that the lifting equipment worked satisfactorily, and completely 
eliminated manual labor in the labor-consuming process of lifting and moving the standard 0,5 ton weights both 
in the body of the truck and outside it at a distance of the monorail overhang, 


The automatic hooking of the weights, and the loading, unloading, and movement of the weights from a 
push-button control panel outside the truck, considerably raise labor productivity and improve conditions of 


work, speed up the checking of weigh-bridges to one-third of the time preyiously required,and reduce the operat- 
ing personnel to 2 men, i.e., the inspector and the driver, 
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It should be noted that the weight-carryinz 
equipment built by the Slovak Administration 
of Weights and Measures and Precious Metals in 
Bratislava on a TatraIZIR ten-ton truck (the weight 
of the motor-truck itself with the lifting equip- 
ment is 9,7 tons) provides for the transportation 
of 71 rectangular weights of a total of 10 tons, 
with the largest weight of the set not exceeding 
200 kg. 





Thus it is possible by means of this weight- 
carrying motor truck to check weigh-bridges up 
to 20 tons, if the truck itself is used as atare load 
without employing a trailer, which constitutes its indisputable advantage. 


Fig. 6 


However, its operation is only partly mechanized, since its single motor-pulley is moved together with the 
crane beam manually across the truck, 


Moreover, the gas engine-driven generator, which supplies the motor pulley and is mounted on a two- 
wheeled trailer and weighs 315 kg has to be trailed behind the truck as well as a two-wheeled cart used for mov- 


ing the rectangular weights along the weigh=bridge platform, This weight-carrying truck is served by at least 
4 men, 


At present our institute is engaged in designing a weight-carrying truck of a greater tonnage and mobility 
in order to provide greater operational facilities. 


Supplying to the State Inspection Laboratories of Measurement Equipment of weight-carrying trucks made 
to the new design and of appropriate scales for checking the standard 0,5 ton weights will improve the quality 
and greatly speed up checking of weigh-bridges as it did during the field test of the weight-carrying tuck ZIL-151, 


AUTOMATIC COMPENSATION OF ELECTROTENSIOMETRIC SCALES 


V.4I. Zhukovitskii 


In recent years resistance strain-gage scales have acquired a wide application, A beam which is strained 
under the load serves as a transducer in these scales, Resistance wire strain gages which are connected in a bridge 
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circuit are glued to the beam, The voltage which appears at the out- 
put diagonal of the bridge and is proportional to the weight of the load 
is usually measured by the compensation method by means of an auto- 
matic compensation bridge. 


The author of this article has developed an automatic compen- 
sator which does not use a slide wire with a sliding contact, The com~ 
pensator is designed for resistance strain gages but can be used in other 
measuring circuits, 











The compensation-bridge arm resistances consist of wire trans- 
Fig. 3 -ducers 1 glued to a small steel beam, 2 (Fig. 1). The beam, which 
: has a constant bending strength, (in the portion where the transducers 
are glued on) is fixed as a cantilever, Its free end is displaced by a 
servomechanism, 3, by means of a screw pair, When the beam is bent the resistance of the compensation bridge 
arms changes, 


The variation of the transducer resistance ( Ar) is practically proportional to the displacement! of nut, 4, 
(and hence of the angle of rotation of screw, 5), The small nonlinearity of function Ar(Z ) does not affect the 
operation of recording or indicating instruments and can be eliminated by an appropriate scale calibration, When 


the instrument is designed for adding or integrating scales (for instance, for conveyor scales) the nonlinearity will 
cause Measurement errors, 


The curved axis of a beam with a constant bending strength represents an arc of a circle with radiusp . The 
relative lengthening € of the external layer of the beam is represented by 


6 (1) 


where 6 is the thickness of the beam; L, is its length; ¢ is the angle between the normals to the curved beam axis 
at its extreme points, 


The variation of the strain-gage resistance is: 





Ar =rekr, 
: (2) 
where r is the initial resistance; k.. is the coefficient of strain gage sensitivity. 
From (1) and (2) we have: 
Ok, (3) 
Sf = ». 
ia? %, 


From (3) it is obvious that Ar and ¢ are related linearly and hence in order to obtain the nonlinear charac~ 
teristic it is sufficient to find the relation between I and y, This relation has the form: 
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where L is the total length of the beam (the sum of the 
bending and straight parts); andd\ =L,/L. 


The equation of a tangent to this curve at the or- 
igin of the coordinates is 











a 
lor =L (1 - >). (5) 


A graphic representation of I (¢) and I pr( ¢y) is given in 
Fig. 2. 





In order to determine the quantitative deviation of 


Fig. 4. 1) Beam; 2 . 3 d4 b 
g gd ancl rt ng function 1(¢) from linearity let us calculate the value of 


formers; 5) end contact; 6) contact; 7) paper; 
8) wire. 


6 
! (9)—!pr_ (9) (8) 


lor (p) 





B= 100% 


for various values of angle y and X. 


The results of these calculations are given in the table. 


The small nonlinearity can be decreased still further by initially bending the beam towards the negative 
values of ¢ and by considering Tor (9) to be a secant, as shown in Fig. 3, instead of a tangent, 


When the bridge was tested ,its nonlinearity was not noticeable up to an angle of y = 7° (measurements were 
made with an accuracy of + 0.2% from the maximum value corresponding to ¢ = 8°). 


In order to increase the stability and reliability of the compensator the transducer was fixed by means of 
getinaks * comb formers as shown in Fig. 4, in addition to being glued to the surface, Capacitor paper was first 
glued on to beam, 1, and then the getinaks comb formers 3 and 4 were fixed to it by means of screws, 2, The 
0.03 mm constantan wire was first soldered to the end contact, 5, and wound in loops without crossovers, The 
ends of the loops were secured on the teeth of the combs, In order to ensure a taut wire, the beam was bent dur- 
ing winding. The end of the first transducer was soldered to contact, 6, and the winding of the second transducer 
carried on from there, Thus, four similar transducers of 400-600 ohm each were wound on the beam, After wind- 
ing, the second halves of the comb formers were fastened and the transducers were glued on by glue BF-2, The 
tightly clamped transducers were then maintained at,150-160°C for 2-3 hours by a thermostat, 


Tests of the automatic compensating bridge of this construction showed that it combined comparative 
simplicity with high accuracy, reliability,and stability of measurements, 





* Russian insulating medium — Publisher's note, 
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THERMOTEC HNICAL MEASUREMENTS 


MEASUREMENTS OF TEMPERATURE IN HIGH=PRESSURE CHAMBERS 
BY MEANS OF THERMISTORS 


N, P, Grazhdankina, L, I, Domanskaya, and A, K, Kikoin 


In measuring temperature in high-pressure chambers it is always necessary to take into account that read- 
ings of any temperature measuring device (emf of thermocouples, resistance of resistance thermometers) depend 
to a certain extent on pressure, It is, therefore, necessary to apply corrections which are obtained experimentally, 
Thermocouples are most commonly used for measuring the temperature in high-pressure chambers, The pressure 
characteristics of platinum-platinorhodium, chromel-alumel and copper-constantan thermocouples are known, 
For the first twothermocouples this relation has been determined experimentally [1] up to a pressure of 4000 
kg-wt/ cm® and temperature of 600°C, Their emf drops with pressure, For platinum-platinorhodium thermocouples 
the correction for the above pressure and temperature is 0,25°C and for the chromel-alumel thermocouples it is 
1.6°C, For copper-constantan thermocouples the correction for 5000 kg-wt/ cm? at 100°C is according to Bridg~- 
man [2] equal to 0,.28°C, Beyond these limits of pressure and temperature ,correction can only be determined by 
means of special, labor-consuming methods, 


When thermocouples are used for measuring temperature in high- 
pressure chambers, difficulty is experienced in bringing out the wires 
from the chamber, Normal designs of lead-out connectors (tapered) in ~ 
volve breaks in the leads, If lead-out connections are used without 
breaks, it is necessary that parts of the circuit adjoining the lead-out 
should be at the same temperature as the lead-out, otherwise there arises 
a “pressure thermocouple.” i.e., a thermocouple effect between the 
compressed and uncompressed metal, Of the lead-out connections 
known to us the best in this respect is that of M, I, Oleinik [3]. This 
connection has a “pressure thermocouple” emf according to our meas~ 
urements of 0,1 pv. 














Yet another defect of the thermocouples is the requirement of 
two leads, The body of the chamber cannot be used instead of the sec~- 
ond lead, 


20.5 


The idea of using thermistors instead of thermocouples appears 
to be very attractive. Their high temperature coefficient makes them 
suitable for temperature measurements, It is possible to measure with 
thermistors, providing their parameters are sufficiently stable, tempera~ 
tures of the order of 0.005°C by means of an ordinary bridge circuit, 
It is also possible to use one lead when thermistors are employed instead 
of the two for thermocouples, and the four required for normal resistance 
thermometers, Finally, the small size and mechanical strength of the 
thermistors constitute their additional advantages, 





















































Fig. 1. 1) Layer of tin; 2) glass In order to be able to use thermistors for measuring temperature 
insulator; 3) protective metal- in high-pressure chambers, it is necessary to know the effect of pressure 
lic covering; 4) body of the thermis- on their resistance, Two papers dealing with this question are known 
tor; 5) a layer of enamel paint; to us, In [4] a thermistor of Ryg°C = 10,000 ohm was measured atpres- 
6) metal foil; 7) contact caps. sures up to 150 kg-wt/cm? and temperatures of 0, 25, and 50°C, Its 
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- moreover, this coef- 


barometric resistance coefficient was found to be negative and equal to 107° (kg-wt)"*+ cm 
ficient decreases with pressure, approaching zero at the highest pressure used in this investigation, In [5] a disk 
thermistor with a resistance of 1000 ohm at room temperature was measured at a pressure up to 5000 kg-wt/ cm? 
and temperatures of 30 and 70°C. Its barometric resistance coefficient was also negative and equal to 4,6°107°- 
*(kg-wt) '+cm?*, In the range of temperatures investigated this coefficient was found to be independent of pres- 


sure or temperature, 


The thermistors made in the Soviet Union have not as yet been measured at high pressures, Hence we 
undertook to investigate the effect of high pressure on the resistance of one of the types of thermistors produced 
by our industry with the aim of establishing the possibility of its use for accurate temperature measurements in 
high-pressure chambers, 


We measured two thermistors type MMT~4 (copper-manganese), The test results of both thermistors were 
identical, Figure 1 shows the construction of the thermistor, For the above-mentioned application of the ther- 
mistor, it was necessary to take it apart, i.e., to remove the protective covering, 3, the glass insulator, 2, and 
the screening foil, 6, Otherwise the thermistor material would not have been subjected to the full test pressure, 
Figure 2 represents the graph of the relation between log R and 1/ T for one of the tested thermistors (R is its resis- 
tance and T is its absolute temperature), obtained after dismantling. The curve is represented by the formula: 


where A is a constant depending on the thermistor properties; B = AE/ 2k (E is the activating energy and k is the 
Boltzmann constant), The values of B and a= B/T* obtained from the curve coincided with those provided by 
the manufacturers, This indicates that the dismantling of the thermistor had not changed its initial properties, 


The investigation of the high pressure effect was conducted in two chambers, one of which was large and 
provided pressures up to 5000 kg-wt/ cm?, This chamber was provided with an obturator carrying four lead-out 
connections described in [3], so that it was possible to use in it simultaneously a thermistor and a copper~constan- 
tan thermocouple for checking the temperature, The other smaller chamber provided pressures up to 8000 kg-wt/ 
/cm*, This chamber was supplied with only one lead-out of the tapered type and organic glass packing, In 
both chambers the pressure media consisted of a mixture of transformer oil and kerosene, The pressure in the 
chamber was established by means of a compressor with a multiplier. 


In the first chamber the relation of the thermistor resistance to pressure at temperatures of 15.6, 17.3, 18.5, 
24.4, 33.2, and 35.2°C, and pressures up to 5000 kg-wt/ cm? were investigated, In the second chamber tests 
were made at 17.4°C and pressures up to 8000 kg-wt/ cm*, The resistance of the thermistor was measured on a 
bridge with an error not exceeding 0.5 ohm, The measuring current flowing through the thermistor was about 
0.05 ma, The power of the order of 10 *mw dissipated in the thermistor could not have produced any appreci- 
able heating effect. 


Figure 3 shows the relation of the thermistor resistance to pressure at various temperatures, The temperature 
was strictly controlled only in the large chamber, It was achieved by means of the metal jacket which surrounded 
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the chamber and was used for conveying the liquid from Gepler's ultra- 
thermostat, The temperature was set in 4-5 hour intervals and checked by 
means of a copper-constantan thermocouple, whose emf was measured on 
a PPTN~1 potentiometer with a galvanometer whichhad a sensitivity of 
2°10’ mm/v. Measurements were made 10 minutes after each change 

in pressure, The time lag was required for dissipating the temperature rise 
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*. See we a due to compression, After this adjustment the temperature of the thermistor 
\ remained constant in the limits of the sensitivity of the measuring appara~ 
j J tus, Changes of resistance with time were not observed, at least during 
‘0 W 2 30 WET 
testing intervals up to 30 minutes, and the high thermal inertia of the cham- 
Fig. 4 ber prevented any random temperature variations, Measurements were 
4R 
P.kgewicmP =k, ohm a 47,°C 
1 4196 0 0 
1000 4212 0.65 0.22 
2100 4241 1.32 0.44 
2000 4270 2.00 0.66 
400 4299 2.70 0.88 
5000 428 3.40 1.10 
60100 4357 4.10 1,32 
7000 4386 4.80 1.54 
8000 4415 5.50 1.76 




















made both with increasing and decreasing pressure, In Fig. 3 points corresponding to the rising and falling pres- 
sure runs are distinguished by means of different notations, It will be seen from Fig, 3 that thermistor MMT-4 
differs from those investigated in [4] and [5] by the sign of its barometric resistance coefficient, At all the test 
temperatures the resistance of the thermistor rises linearly with pressure, The relative variation of resistance with 
the rise of pressure up to 8000 kg-wt/ cm* amount to 5.5%. The barometric resistance coefficient is equal to 


1 AR 


nw . P . 

where Rg is the resistance at atmospheric pressure and P is the pressure; the coefficient changes with temperature 
according to the curve shown in Fig. 4, The latter phenomenon also distinguishes thermistor MMT~4 from those 
previously investigated. The barometric coefficient of thermistor MMT-4 is about the same as that of thermis- 
tors in [4] and [5] and the range of the tested temperatures varies between 4° 107° and 7- 107° (kg-wt)* -cm? 


The consistency of results was satisfactory, as proved by repeated measurements in high-pressure chambers, 
A certain dispersion of points is, however, observable in the rising and falling pressure runs, moreover, in the tests 
carried out in the large chamber with a maximum pressure of 5000 kg-wt/ cm? the dispersion is a little larger 
than in the small chamber with a maximum of 8000 kg-wt/cm*, This effect seems to be due to the greater com= 
pression of the thermistor in the small chamber, 


These measurements provide the corrections which it is necessary to apply to the thermistor readings, The 
instability of thermistors under the effect of high pressure produces a dispersion of points on the “resistance—pres- 
sure curve” and causes an error which, in our evaluation, is equal to 0,05°C, Corrections calculated from the 
barometric and temperature resistance coefficients of thermistors together with other data are given in the table, 


The table was compiled for a temperature of 18.5°C, However, since with temperature variations both 


the barometric and temperature resistance coefficients change, these corrections hold for all the temperatures 
between 15 and 36°C, 


It follows from our tests that, owing to the error caused by the thermistor’s instability at high pressures, it 
cannot be considered a more sensitive device than a thermocouple for measuring temperature in high-pressure 


chambers, The thermistor has the advantage, however, of requiring but one lead-out and a simpler measuring 
circuit, 
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The design of the high pressure chambers was developed by M, I, Oleinik and V, A. Stepanov, 
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TEMPERATURE MEASUREMENTS IN THE RANGE OF 300-500°C 


B. S. Estrin and P, B. Kantor 


In checking mercury-in-glass thermometers above 300°C, the temperature of the medium is measured by 
means of standard platinum resistance thermometers, and the thermometer reading is obtained indirectly by a 
compensation method of measurement and calculations from known relations [1]. 
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In order to simplify the checking of industrial thermometers 
in the temperature range of 300-500°C, The Khar'kov State Institute 
of Measures and Measuring Instruments developed a design of a single 
incompletely balanced thermometric bridge, by means of which tem- 
perature measurements can be carried out directly in degrees, 


The nonlinear relation of the resistance of a platinum resist- 
ance thermometer to temperature required the development of a spe- 
cial electrical circuit for the bridge. If the entire temperature range 
of 300-500°C is divided into intervals of 10° (300-310°, 310-320°, 
etc,), the relation 


where k is the number of degrees in multiples of 10° and n is the num- 
ber of degrees between 1 and 10°, will remain linear in the given 
range with an error of 107*°C, 


With this in view,a bridge circuit was developed which is 
shown in Fig, 1 and has resistors R, and Rg as its arms and resistor 
R,, the platinum thermometer, as the unknown, The balancing re- 
sistance consists of a number of resistance coils R, and Ry connected 


in pairs and comprising a series of “tens of degrees” and a resistance R, making up “units of degrees”, 


The values of resistors R3, Ry, and R, are chosen in such a manner as to keep R, and Ry constant within each 
interval of “ten degrees” and make Rs, which shunts Rg, vary the total resistance as the resistance of the plati- 
num thermometer between the temperature of k and k+ 10°C, 


Figure 2 shows the schematic of the bridge for measuring temperature in an interval of 10°C, When the 
moving contact of resistor Rs is in position n (0 < n< 10) the circuit element consisting of resistors Rg and Rs and 
representing a triangle with sides Rs, R,,and Rgs—Rp, can be converted into a star [3] with rays Rg, Rp, and R, 


equal to: 
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k, R _ Rn(Rs— Rn) | Ry= (Rs—R,)Rs | __RaRs 
WWW a ee a Rs+Ry ° © Ryt+Ry ° 
When the bridge is balanced we have the following relation 
between resistances: 
R,zR (R,—R,)Rz \ 
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ORF mt For n equal to 0 when Ry = 0 we have from (1): 
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| R,R; 
Fig. 2 RiR=R{ Rat R, ), (2) 
For n = 10 when R, = Rs we have: 
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The values of resistors Ry and Rs for all the temperature multiples of 10°C in the range of 300-500°C were 
calculated from (4) and (5); the value of R, was taken as 30 ohm, 


The value of resistance Ry was determined from equation (1) for each degree in the range of 400-410°C, 
The error in the value of a degree thus obtained did not exceed 0.002°C over the entire range of 300-500°C, 


Tenths of degree are read from the scale of the mirror galvanometer GPZ-2, In order to keep the value 
of the galvanometer division constant over the entire range of 300-500°C and its error of measurement below 
+ 0.02°C the resistance of its shunt R, is varied. The value of the shunt is varied for every 50°C, 


In order to check the constancy of the voltage across the bridge arms a control resistor R,, (Fig. 1) is used 
and connected instead of the platinum thermometer, The platinum thermometer is connected to the bridge through 
switch S, either by means of four leads connected in pairs (position I) or by means of two leads (position II),thus 

' providing the possibility of correcting for the resistance of the léads, if their resistances are all equal to each 
other, 


The thermometric bridge together with the resistance thermometer can also be used as an instrument for 
measuring temperatures in the range of 300-500°C with an error of 0.1% of the maximum value, which amounts 
to 0.5°C, 


) Editorial Note, The article does not refer to the interchangeability of resistance thermometers, The stand- 
ard platinum resistance thermometers produced at present are not interchangeable with respect to their calibra- 
tion and have values of Rp varying within wide limits of 9,5 to 12.9 ohm, 
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A THERMOELECTRIC METHOD OF EVALUATING THE PURITY 
OF PLATINUM FOR STANDARD THERMOCOUPLES 


B. K, Bragin 


The stability of calibration of platinum-platinorhodium thermocouples depends to a great extent on the 
purity of its platinum electrode [1]. 


The value W = Rjg9/ Rg, where Ryo and Rp are the resistances of platinum wire length at 100 and (°C, is taken 
as the criterion of the electrode platinum purity. The quantity W does not measure the percentage of impurities 
or their composition, but nevertheless provides an indirect indication of the degree of platinum purity. 









































Sam- em Rico Rx . 
le Purity test No, Hy Ry R, 
oO. HV xp. calc 

1 | “Reference” 

electrode 0 1.3925 - 

2 16 ~6 1.3927 1.392, 
3 1604 0 1.3926 }. 392. 
4 1606 +2 1.3924 1.292, 
5 1695 +4 1.3924 1.392, 
6 758 +6 1.3923 1. 392, 
7 450 +4 1.2922 1. 392, 
K 1710 +10 1.3922 1.392, 
9 4610 +12 1.3922 1. 392,, 
10 1123 +13 1.2921 1. 3929 
11 1-51 414 1.3921 1 31g 
12 1266 +12 1.3920 1. 392) 
13 5259 $14 1.3920 1.3%g 
14 1122 +14 1.3920 1.391 

15 332 +15 1.3919 1, 3919 
16 5970 422 1.2915 1. 391¢ 
17 129 431 1.3915 1.391, 
18 3029 +31 1.3913 1.3914 
19 1058 +44 1.3908 1.3907 
20 331 +42 1.3906 1.3% 
21 1057 4-67 1.3897 1,389, 








The thermoelectrode platinum of Soviet production has a minimum permissible value of W equal to about 
1,389, Platinum of this quality does not possess a sufficiently stable thermoelectric characteristic at high tem- 
peratures, which is probably due to gradual changes in the composition of the metallic impurities, Hence anneal- 
ing at 1100°C during one hour, as recommended by the International Temperature Scale Regulations for stabiliz- 
ing the thermal emf of standard thermocouples, does not produce satisfactory results when low quality platinum 
is used, The raising of the annealing temperature to 1450°C, as practiced by the National Bureau of Standards in 
the USA [2], lead to an excessive growth of grains in the platinum, to a lowering of its mechanical strength, and 
hence to a premature wearing out, 


According to the operative instruction 161-54 of the Committee of Standards, Measures, and Measuring In- 
struments [3] the purity of platinum of standard thermocouples must amount to a value of W> 1.3915. The 
thermoelectrode chemically pure platinum brand PL-3 (GOST 8588-57) meets this requirement, 


Checking the value of W by means of direct measurements of Ryg9 and Rg requires a considerable expenditure 
of time, experienced testers, special equipment,and a stock of platinum wire. Therefore, the laboratories which 
have in their possession either new or used platinum-platinorhodium thermocouples are, in practice,deprived of 
the possibility of checking the quality of the platinum electrode, 


A method for evaluating the value of W free from these defects and sufficiently accurate is based on the 
fact that the value of W and the thermoelectric properties of platinum are interconnected, since both depend on 
the purity of the metal, 


7176 








According to the available data [4] this relation can be 
represented approximately as being linear andcorresponding to a 
rise of the platinum thermal emf by 2 pv (at a temperature of 
1200°C) for a decrease in the value of W of 1°10*, However, 
the data on which this relation was based have a considerable 
dispersion, This circumstance prompted us to conduct a com- 
parison of 20 annealed platinum thermoelectrical wires of Soviet 
10 make with a “reference” thermoelectrode made of platinum which 
Ye had a value of W equal to 1.3925, 


JO 


(Wo- W)-10* 


+ 





| The results of the comparison (see table) are represented with 


10 152 2, of? 60 70 80 sufficient accuracy by equation: 
0» HV 


0 


W=W—0.4-10*.£°™, (1) 


where W: and W, characterize the purity of the tested wire and the "reference" thermoelectrode, 


Ej? is the emf of the tested wire with respect to the “reference” thermoelectrode at a temperature of the 
operative end of 1100°C and the free end at 0°C, 


The differences between the experimental values of W and those obtained by calculation from (1) do not 
exceed 2°10, 


Thus, according to our data, a decrease in the value of W of 1- 104 corresponds to an increase in the ther- 
mal emf of platinum of 2.5 pv at 1100°C, 


This method of checking the quality of the platinum electrodes entails the use of a “reference” electrode 
with a known value of W, Such an electrode can be made out of 0.5 mm platinum wire, 1 m long and possessing 
a W = Ryoo / Ro Of not less than 1,392, 


The measurement of Ryo and Rp should be made on a sample of wire annealed according to the previously 
mentioned instructions, The sample is connected as a resistance thermometer with a helical frameless sensing 
element of Ry ~ 0.5 ohm. Before being measured, the sensing element is treated successively in a 50% solution 


of KOH and HCl, washed out in water, dried, placed in a clean quartz test tube,and annealed again in a vertical 
oven at 850°C for four hours, 


The total error in determining W = Ryg9/ Rg should not exceed 0.01% and the error in measuring temperatures 
of 100°C and 0°C should not exceed 0,01-0,02°C, 


For purposes of stabilization the “reference” element should be annealed at 1100-1150°C’ by passing current 
through it for 1 hour and,in addition,in an oven at 1100°C, The annealing in the oven is carried out after placing 
the wire inside a single tube of pure porcelain with a 3-4 mm external and a 0,8-1,2 mm internal diameter, 


The platinum half of PPO [5] thermocouples can be used successfully as “reference” electrodes, The plat- 
inum used in these thermocouples has, according to the technical specifications of the producer plant, a W value 
of not less than 1.3920, 


The determination of thermal emf of a pair of platinum electrodes is carried out according to the method 
proposed by us earlier for checking thermocouples by comparing similar thermoelectrodes [6]. This method ts 
convenient because it does not require a special experiment and provides an estimate of the platinum electrode 
quality during the testing of the thermocouple (at 1100° and 1083°C) 


The value of W can be calculated from formula (1) or determined by means of the graph (see figure), 


CONCLUSIONS 


Strict tolerances with respect to the stability of standard thermocouples require the checking of the value 
of W = Rjo9/ Rg of the electrode platinum, Direct measurements of Ryo and Ry are complicated and require con- 
siderable expenditure of time, The thermoelectric method of indirect determination of Ryg9/ Rg provides a 
sufficiently accurate and speedy check of this characteristic of the platinum electrode, 


* For a wire of diam 0.5 mm the current strength was ~ 10,3 amp. 
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ELECTRICAL MEASUREMENTS 


RECORDING OF ELECTRICAL ENERGY CONSUMPTION 
ON AN OSCILLOGRAM 


V. Yu. Chudnovskii 


The study of machines employed in power-consuming technological processes has as its object the finding 
of working conditions which provide the minimum relative expenditure of electrical energy. 


In these investigations, in addition to recording the 
efficiency of the machines, and a whole series of kinemat- 
ic parameters which determine the conditions ot its 
operation, it is also necessary to record the consumption 
of electrical energy during the operation of the machine, 











Normally, this recording is carried out by means of 
a recording electricity meter or a recording wattmeter, 
In either case it is difficult to relate these instrument read- 
ings with respect to time with other parameters under test, 
if the latter are recorded on a moving~-coil oscillograph, 














Moreover, neither a wattmeter nor an electricity 
meter (under normal conditions) can provide the required 
accuracy if the load variations are sudden and frequent, 


For the experimental study of the work of a large 
rotor excavator the author of this article has developed 
and used an apparatus which provides the possibility of 
recording power consumption in “batches” on an oscillo- 
gram over small intervals of time by means of an 
ordinary electricity meter, 


Figure 1 shows the schematic of the equipment, 


Transformer Tr, germanium diode DGTs-23,and fil- 
ter capacitor C comprise a half-wave rectifier which sup- 
Fig. 2 plies direct current to the windings of the polarized relay 

‘ RP-4, 





Winding I of the relay is supplied with a constant voltage whose value is selected by means of potentiom- 
eter Ry. Winding II of the relay is supplied with a voltage from the rectifier through the photoresistor FS-K1, 
Windings I and II are connected in opposition, 


Lamp L serves to illuminate the photoresistor, 


Both the photoresistor and the lamp are placed inside the meter under the disk in such a manner that the 


resistor is only lighted by the beam reflected from the disk, Several radial lines are painted with matte black 
paint uniformly round the circumference, 


Figure 2 shows the position of photoresistor, 1, and illuminating lamp 2, in a single-phase electricity meter 
SO-2 with its lid removed, The small angular chamber, 3, in which the FS-K1 resistor and the illuminating lamp 
are mounted serves to direct the light beam. 
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When the meter disk is rotating, the light beam, which is reflected from the disk surface, falls on the photo- 
resistor, The resistance of FS-K1 drops, the current flowing through winding II rises,and the mmf of this winding 
becomes larger than that of winding I, The relay operates and closes contact Kg, 


When the black portion of the disk passes in front of the photoresistor, its resistance rises and the current 
flowing through the winding drops, This makes the mmf of winding | larger than that of winding II and releases 
the relay, thus opening contact K and closing K,, which are placed in the circuit of vibrator V used as a recorder, 


During the operation of the device the vibrator records on the oscillogram dashes whose number over a 
given time interval is proportional to the speed of the disk and hence the consumption of energy, recorded by the 
electricity meter during that time, 


The adjustment of the polarized relay is simple and is carried out by means of the potentiometer during 
the operation of the meter, For convenience of tuning the instrument is supplied with a neon lamp MN-5 (Fig. 1), | 
whose circuit is closed by contact Kg, If the position of the potentiometer sliding contact is correctly chosen, 
the lamp lights when a white portion of the disk passes in front of the photoresistor and extinguishes when a black 
portion passes in front of it, 


Figure 3 shows an oscillogram which was obtained during the testing and records the consumption of the 
electrical energy by the excavator in the form of dashes, 1, placed in the upper part of the paper; each dash cor- 
responds to a definite amount of energy. 


The value of a dash (in kw-hours) is determined from the formula 


Upuy, 
~ AA 





where A is the revolution ratio of the meter (the number of turns of the disk for the meter recording of 1kw-hr)— 
this value is taken from the electricity meter's certificate; a is the number of black marks on the meter disk; 

uy is the transformation ratio of the current transformer which feeds the current coil of the meter; Uy is the volt- 
age ratio of the transformer which feeds the voltage coil of the meter, The consumption of the electrical energy 
during testing is determined from the formula 


W = kn(kw-hr) 
where n is the number of dashes on the oscillogram during the test period, 


This device simplifies considerably the evaluation of the electrical energy consumption during experi- 
ments, provides the possibility of analyzing oscillograms to determine the consumption of electrical energy for 
any required interval of time,and does not produce any errors in the operation of the electricity meter, 


A similar device with the polarized relay contact connected to a circuit of a digital counter can serve for 
remote recording of the electricity meter or tachometer readings, Moreover, contrary to remote transmission by 
means of mechanical interrupters, the application of this device does not interfere with the operation of the 
meter by introducing an additional moment of resistance, and thus does not lower the accuracy of its readings, 


In theory this device can also be used as a measuring element of self-adjusting automatic control systems, 
which adjust for optimum conditions on the basis of minimum relative energy consumption, 
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DETERMINATION OF FREQUENCY CHARACTERISTICS IN 
DESIGNING AUTOMATIC CONTROL SYSTEMS 


A. S. Lifshits and I, A. Dedok 





| In designing automatic control systems it is often necessary to determine the amplitude and phase~frequency 
| characteristics both of components and systems as a whole, 


Several methods of determining the frequency characteristics are known, The most commonly used methods 
are those of obtaining frequency characteristics by means of loop oscillographs or low frequency cathode-ray os- 
cilloscopes and phase~frequency characteristics by means of phasemeter NF-1. 
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Each of the above methods has its defects and advantages, 


The determination of the frequency characteristics by means of a loop oscillograph is accurate but {t involves 
a considerable expenditure of time in deciphering the oscillograms, 


The determination of the frequency characteristics by means of a cathode-ray oscilloscope involves the re- 
cording of the amplitude, period, and phase shift of the output signal under test, this leading to considerable ex- 
penditure of time and a reduced accuracy of measurement, 


Phasemeter NF~1 provides an accurate measurement of the phase,if at the output of the measured compo- 
nent there are no distortions or noise which could lead to false readings, 


The use of a phase-shifter and potential-divider in the cathode-ray oscilloscope circuit greatly reduces the 
measuring time and provides a reading of the phase shift on the scale of the phase-shifter and of the amplitude 
ratio of the input to the output signal on the potentiometer scale, 


The principle of operation of our instrument is based on the comparison of the phase and amplitude of out- 
put signal of the component under test with that of the phase-shifter signal. 


The phase-shifting circuit consists of normal de amplifiers type UPT-Ch 1, 2, and 3 and double sine and 
cosine potentiometers 4 and 5 (Fig. 1). 
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Potentiometers, 4 and 5, are supplied, respectively, with voltages + Usin wt and + Ucos wt from a low fre- 
quency oscillator, 


Voltages uy = Usinwt cos¢g and uy = Ucoswt sing are fed from the slides of potentiometers 4 and 5, respec- 
tively, to amplifier, 3, which adds them. 


== +o=U sin wf cos ¢4 U cose t sin g= Usin (wt+-¢). 


The cathode-ray oscilloscope receives voltage u,, from the component under test and that from potentiom- 
eter, 7 through chopper, 6. 


By adjusting the phase potentiometers, the phase difference between the measured voltage uy and that from 
the phase-shifter u, is reduced to zero, and by means of the potential divider the amplitudes are equalized, 


If the voltage us is fed to the horizontally deflecting plates of the oscilloscope and voltage u,,, to the ver- 
tically deflecting plates, there will appear on the screen of the oscilloscope an ellipse for the general case of 
phase and amplitude differences between the voltages (Fig. 2,a). 


When the phases are equalized the ellipse becomes a straight line which runs through the origin at 45° when 
the amplitudes are also equal (Fig. 2b), The accuracy of the phase and amplitude measurements depends in the 
main on the manufacturing accuracy of the sine and cosine potentiometers, the potential divider, and the accuracy 
of reading. Figure 3 shows calculated and experimental (dots) frequency characteristics taken by this instrument 
for a component with a transfer function W(p) = 1/0. + p71); T = 1 second, 


It will be seen from Fig, 3 that the experimental and calculated phase characteristics coincide within 1° ir- 
respective of the value of the measured phase, 


The frequency range of the tested signal is limited by the range of the vibration converter of 400 cps and 
amounts to 0-40 cps, 


The instrument is reliable in operation for determining the frequency characteristics and can be used for 
studying commercial automatic control systems, 


A SIMPLE METHOD OF MEASURING HIGH-VALUE RESISTORS 


V.itI. Ivanov 


The measurement of resistance of the order of 10° ohm and higher presents certain difficulties due to a 
number of causes,but mainly to a lack of sensitivity in the measuring instruments used, The requirement of tak- 
iny into account the resistance of the surrounding insulating materials leads to additional difficulties in actual 
measurements, Nevertheless high-value resistors are widely used for measuring small currents and also in dosi- 
metric and radiometric instruments, Moreover, the main error in these measurements is due to the inaccuracy 
of the high-value resistors, In addition, the high-value resistors at present available are very unstable and can 
change their value considerably depending on the ambient conditions, All these considerations make it very 
desirable to have a simple and fairly accurate method of measuring high-value resistors, 


In connection with the requirement for measuring ionization currents in liquids, we have used the following 
technique of determining the value of high resistances, 


The measured resistor is connected in parallel with electrometer E and capacitor Cy (see figure), 


Let us denote by r, the equivalent resistance between points A and O when switch Sg is closed and switch Sy 
open, and by rg when both switches are open, Let also Cy = Cy + Cp, where Cr is the capacitance of the electrom- 
eter together with the leads attached to it, 
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When switch S, is closed, capacitance Cy 
is charged up to voltage Ug from battery B, When 
[4 switch S, is opened, capacitance C, discharges 
into the equivalent resistance between points 
A and O, whose value is determined by switch S, 
being closed or open, Let us examine both cases, 




















E 
r 1) Switch S, is closed, If time ty has elapsed 
’ from the instant battery B was disconnected from 
capacitance C,, we shall have across it voltage: 
S 
U —_— a (1) 
mrt U;= Uve ry. 


2) Switch S, is open, If time t, has elapsed from the instant battery B was disconnected from capacitance 
C;, we shall have across it voltage: 


4 


U.= Ue rc," (2) 
It is obvious that 
re — . = ) (3) 
"9—-T; 


By finding ry and rp from (1) and (2) and substituting their value in (3) we obtain: 


tits 
f = ~~. 
Us Ul, (4) 
1 a cones —_— 
a(t n U, f,|n 4 





If we set ty = t, = t and express t in seconds, C, in pyf and ry in ohm, we finally obtain: 


- 10"? t 
” ie —= -_- 


U; 
C,in— 
et 


(5) 


The value of C, in Eq, (5) must be determined by a direct measurement of capacitance between points A 
and O, which does not present any difficulties, Ratio U,/U, is read off the electrometer scale, Time t and 
capacitance Cy are chosen so as not to make ratio U,/U, too large, As an example,let us note that if for a resis- 


tance ry = 10" ohm we make C, = Cyo+Cp=1000 pwyf, then t = 100 sec and Uz/U, = 2.72 which is very con- 
venient for measurement, 


Although theoretically no special requirements need be specified for the capacitor Cy or the insulation of 
the leads and connections, in practice it is desirable to aim at making the insulation resistance of the same order 
or higher than the measured resistance, thus keeping the accuracy of measurement high. 


We used for our measurements a string electrometer SG-1M; the voltage of the battery was 200 v, which 
gave a full scale deflection of the electrometer fiber. 


The accuracy of the r, measurements was in practice determined by the accuracy of measuring C,, 
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A DEVICE WITH TWO DEGREES OF FREEDOM FOR MEASURING 
VECTOR QUANTITIES 


L, F. Kulikovskii and P, P, Kemeshis 


Measuring instruments which determine directly voltage or current vectors are becoming increasingly popu~ 
lar, By means of these devices it is easy to plot vector diagrams for various ac devices and to obtain directly 
the locus of a voltage or current vector for a circuit with varying parameters, 


A simple instrument which provides a direct plot of a volt- 
age or current vector is of undoubted interest for practical test- 
ing and investigation of ac circuits, 





The basic components of the schematic of a vector meas- 
uring instrument (Fig, 1) are a cylindrical core 1 made of blended 
steel, a two-phase wihding 2 and 3, inside the core, and a mov- 
ing element, 4, which consists of a flat, frameless coil, 





The moving element consists of a former which either rests 
freely on footstep bearing, 5, or is fixed rigidly to a support inthe 
form of an elastic rod connected at one end to the coil and the 
other to the base of the instrument, 


Mirror m is fixed to the center of the coil, 
Figure 2 shows the circuit of the vector measuring device, 


Winding, 1, is connected to one diagonal of the phase split- 
ting device which consists of a mutual induction M and resistors 
Ro, and winding 2 is connected to the other diagonal, As the 
result of this arrangement currents I, and I;, which flow in wind- 
ings, 1 and 2, have a phase difference of 1/2, The parameters 
of the phase-splitting circuit are chosen in such a manner as to 
make the amplitudes of currents I, and I, equal, Owing to the 

] action of the magnetizing force of the two-phase winding, a ro- 
R, M tating field is created around coil, 3, 











Since the frame rests on one support it has two degrees of 

A) 2 ' freedom, thus providing the possibility of a simultaneous deter- 
- . ae mination both of the modulus and argument of the measured volt- 
age or current vector, 














The frame is connected to the measuring circuit by means 
of low torque flexible leads, 


The recording vectormeter operates in the following man- 
ner, In its initial horizontal position,coil 3 has no coupling with 
the rotating field. 








Fig, 2 


When terminals II-II are connected to the source of the 
measured voltage 0, current 1, will flow in the circuit of coil 3, The interaction of this field with the rotating 
field provides the torque which will incline the axis of coil, 3, to that of the rotating field by a certain angle 6, 
Angle © is a measure of the modulus of unknown current hes 


When the coil is inclined, it will acquire a coupling with the rotating field which will induce in the coil 
an emf E, tending to balance out voltage Ux already present in the coil, 


Since in a general case the argument of the emf E, will differ from that of voltage U, a current Al will 
flow in the coil and will correspond to the geometrical difference between Ux and Ey. 
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_ Current Al will make the coil turn about the axis of the rotating field until the phase angle of the induced 
emf FE, becomes equal to that of the measured voltage Ux. Then current Al will become equal to zero, since the 
moduli of E, and U, are equal, The coil will attain a balanced condition, The angle of rotation of the coil 
about its vertical axis is a measure of the voltage vector b, argument, 


If coil, 3, rests on a footstep bearing, and there is neither friction nor counteracting torque of leads, the cur- 
rent in the coil will be zero in the balanced condition of the coil, 


In order to eliminate reactance in the moving coil circuit, an RC compensating network is connected in 
series with it, 


Mirror m is placed,as previously stated,in the plane of the coil (see Fig, 1), The light beam falling on this 
mirror is reflected onto scale Sc which serves to project the light at point A, 


Radius-vector 6 of this point is proportional to angle © and is a measure of the modulus of the unknown 
vector, and angle « between the radius-vectorp and axis O—O determines the unknown argument, 


If the deviation of the vectormeter coil is limited to small angles, the coil movement can be represented 
by equation : 
8 ? Aha ad 
F + ( Ryt “yrs 7 sing Jor + 
y? ¥ . JO+9,-9) (1) 
+( Wet FJ osing+J wcose | os Ue . 


where U, is the modulus of the unknown voltage; A is the argument of this voltage; Ye is the phase angle of the 
excitation current; ¥ is the magnetic coupling of the frame; P,, is the mechanical damping coefficient; 


= cos g— i= sing is the damping coefficient due to the braking action of the induced current when the coil moves 


either in the horizontal or vertical direction; ¢ is the phase angle determined by the coil circuit parameters; 

Wy, is the specific counteracting torque of the leads; Z is the modulus of the coil circuit impedance; (WF/ Z)wsing+ 
+jv7/ Z)weos¢ is the specific electrical torque due to the emf induced in the stationary coil by means of its coup- 
ling with the rotating field, 


The position of the coil is determined by the vector 


r) = ee". (2) 


The modulus of the unknown voltage vector is determined by the deviation angle © of the coil, and the 
unknown argument is determined by the angle of rotation a of the coil, 


For convenience of investigation of Eq. (1) let us introduce in it dimensionless parameter k, which repre - 
sents the ratio of the moduli of the electrical specific counteracting torque and the mechanical specific counter- 
acting torque W);;: 





2 
_w__p 


k =. 
 Z2Wy © Wy 


where P, is the coefficient of the electrical damping. 


Considering that the frequency of natural oscillations and the degree of mechanical damping are expressed 


W p 
2__WM . M 
~~ Wy 








it is possible to represent Eq. (1) in the form 


d'v 
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ko ka 
" cosg—j ~ 


sing) 4+ 
2hy® 2B dt (3) 


+01 +ksing +jkcosp)O=6,02, 











+ 28, 4 


785 








where 
: Sa pu, Jotte- ¢) 
zu (4) 


is 2 vector which represents the rotation angle of the coil for k = 0. 
Equation (3) can be written in the following form: 
ao 


dé ye 5 
“ant ypelG, Heke =e o 


where 


L=1+4qcosp—jqsinp=Le~*,; 
L=V 1+ q?+2qcos@ ; 








q= Zz = Pe. 
ZPy Py 


K=1+ ksing+ jkcosq= Ke” , 
K=V 1+k:+ 2ksing. 


In order to determine the parameters of the vectormeter itself, let us solve differential equation (5) by 
equating the right hand side to zero, Having derived and solved the characteristic equation,let us determine its 
roots; 


ow JO = 
Zumttg(--fe ane”, 


(6) 


where 6 = 8 yl and 





4 
N =y 64+ K-—267Kcos (6 +28). 
The solution of the differential equation has the form 


- 2 Bb. + Sef 
O=c,e' +c,e° ° 


The integration constants are determined from the initial conditions for t = 0: 








:; a9 
8=0;; —= 
dt 
whence 
; , x at x 
¢;=—0j 2 > Cg=0j , 
Xi +X, Xi+%y 


By substituting the values of the roots and the integration constants into Eq, (7) we obtain an expression for the 
vectormeter coil movement: 


2 
ar ee cae 9(—Bcos}—Ncosa) ¢ frdbaind + Natne) ¢ \. (8) 


. 1 - a a, _ 
b=08; (+ J° | eo”! Bcost + Neosa)t i A Bsind— Nsino)t + 


2 N 
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The resulting displacement of the coil is represented by a sum of two logarithmic spirals, 


When the righthand side of the differential equation exists, i.e., when the coil receives a voltage pulse U,, 
the particular solution of the inhomogeneous differential equation will have the form: 


6.—ed *-® 
c— , 


and its full solution will be 
° e ft . 
b=c, e" +ee7" 4 8. 


After appropriate operation connected with the determination of the constants of integration, the equation of the 
coil movement for this case will become: 


0=0, 1M, e "M sh2w,N¢ 


ae . (9) 


L 
N 
In the case when the voltage applied to the coil has a constant modulus and a variable argument, the solu- 
tion will be: 
6— 6,Ae’™, 
where A is the coefficient of the modulus distortion for a steady state movement; r is the shift in the argument 
for a steady state movement, 


The expression for coefficient A and the phase shift r is rather unwieldy 








me anre + 44% sin(d4-0)—2 B (10) 
Gum pan. a === —_—) ae — 3 amas 
+4n Ke + z +4n K sin(6+@) K °088 4n Ka sind 


,; 2- ncos (646) + © sind 
t= — arctg K , (11) 


142P asin (340) —~ cose 
K K 





Here n =Wx/w» is the ratio of frequency w, of the unknown voltage U, to the natural frequency w» of the 
coil, 


The equation of the vectormeter scale is derived from the examination of the static condition of the coil 
when d45/dt? = 0, d@/dt = 0 and Eq. (3) takes the form: 
6(1 +ksing+jkcosp)=9p; 
607" ws a (12) 


 ZWyg/ TRF Dhsing 
e=a=h+9,—9—8. 








The deviation © of the coil is registered on the screen scale by means of the optical system as a radius 
vector p: 


o=2n0d", 
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where h is the distance between the scale and the mirror, or: 


o-=2h . ow (13) 
Wy2zV 1 +h?+ 2ksing 





It follows from Eq, (13) that the radius vector p de- 
pends not only on the modulus andargument of the unknown 
voltage, but also on vectormeter coil circuit phase angle ¢, 
Angle ¢ can be made negligibly small by balancing out 
the reactance of the coil circuit or by placing an additional 
resistance in series with it, If the initial vaiue of the argu- 
ment ¢s— $ is assumed to be equal to zero, the vectormeter 
scale equation becomes: 
































. wU, ja (14) 
ena ¢ . 
Fig. 3. 1) Toroidal core; 2) toroidal three- a od 
phase winding; 3) circular coil; 4) mirror; Errors, In order to determine the accuracy of the 
5) elastic rod; 6) screen with a coordinate vectormeter, the basic and additional errors in determining 
graduation; 17) illuminator; 8) compensat- the modulus and argument were analyzed, In addition to 
ing circuit; 9) illuminator supply winding; the manufacturing, temperature,and frequency errors, the 
10) center-point winding; 11) phase-shift- vectormeter in question has specific errors due to the asym- 
ing device supply winding; 12) phase-shift- metry of the magnetic field and the instability of the hold- 
ing device; 13) transformer, ing torque, The analysis of the errors due to the asymmetry 


of the magnetic field showed that higher space harmonics 


of the rotating magnetic field do not produce a torque in the 
a " [ coil of the instrument and thus do not affect the instrument 





readings, If, however, the magnetic field in the air gap be- 
comes elliptical, errors in determining both the modulus 
and the argument will arise, 














The errors due to the instability of the holding torque 
can be easily eliminated by keeping the coil circuit imped- 
ance constant or by decreasing the electrical counteracting 
moment to a negligible value, 














The static error of a laboratory vectormeter model 


Fig. 4 was found to correspond to that of a grade 2,5 instrument, 


Description of the Instrument, The vectormeter with 
two degrees of freedom [1] was developed and made in the School of Automation and Remote Control of the Kui- 
byshev Industrial Institute,* 





The schematic circuit of the vectormeter is shown in Fig. 3, The basic units of the circuit consist of I - the 
sensing unit, Il~the phase shifter,and IlI- the electrical corrector, 


The electrical corrector serves to compensate the initial emf induced in the frame due to a certain initial 
coupling, 


The RC circuit serves to balance out the reactance of the coil circuit, 


The beam of light reflected from the mirror falls on the screen where it marks off the radius vector p= OA 
by means of a light spot A, 


The vectormeter has the following technical characteristics: supply voltage, 220 v; the maximum meas- 
ured current, 5 ma; the maximum measured voltage, 1.1 v; the resistance of the coil, 200 ohm; distance 
between the scale and the mirror, 200 mm;and induction in the air gap, 620 gauss, 


In order to be able to photograph the locus of the vector a photographic plate holder is provided, 


* A vectormeter with two degrees of freedom was exhibited at the All-Union Industrial Exhibition in 1956 and 
1957, 
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This vectormeter {s designed to record hodographs of current vectors, The use of the vectormeter for 
bridge balancing provides a direct indication of the bridge convergence, Its use in conjunction with an ac com- 
pensator provides a speedier balancing of the measured voltage, Figure 4 shows the schematic of a rectangular- 
coordinate ac compensator. 


A vectormeter with a two-phase winding was used in this compensator. Windings 1 and 2 are connected in 
series with slide wires X and Y, Currents I, and I, displaced by 90° provide a voltage drop on slide wires X and 
Y and a rotating field in the sensing element of the vectormeter, 
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EQUAL SENSITIVITY CURVES IN AC BRIDGE CIRCUITS 
WITH PHASE-SENSITIVE INDICATORS 


V. Yu. Kneller 


The sensitivity of an ac bridge circuit to the variations of any parameter depends on the value of all, in- 
cluding the variable, parameters of a bridge arm, i.e,, within the measuring range the sensitivity is a variable, 
In this connection, when designing balanced ac bridges, it becomes necessary to find out for what relations of 
the bridge parameters it is possible to ensure a given sensitivity to the variations of the parameters being meas- 
ured; to find the pattern of the bridge circuit sensitivity variations with respect to the unknown and, in the case of 
an automatic bridge, also with respect to the balancing parameter variations over the entire measuring range; and 
having obtained this pattern, to find out the numerical values of sensitivity at characteristic points (for instance, at 
the extremes of sensitivity, etc.) 


In order to solve these problems by the analytical method, a large calculating operation is required; it is 
more convenient to analyze ac bridge circuits by means of topographic diagrams, whose application has been 
developed to a considerable extent by various authors [1-4]. 


In [1 and 2] the topographical diagrams, included the plotting and study of trajectories of the potentials a~ 
cross the bridge-measuring diagonals, when the bridge parameters were varied (the so-called balancing lines) thus 
providing a complete picture of the balancing process, which was not limited to small deviations from balance, 
Next it was shown in [3] that for various four-arm bridges only several types of definite balancing lines were pos- 
sible, and on this basis the conception of generalized bridge parameters was introduced, each parameter being re- 
lated to a definite type of balancing lines, Owing to the introduction of the generalized parameter, it became 
possible to plot a single universal family of balancing curves, which corresponded to variations of the generalized 
parameters, applicable for the analysis of the convergence of a wide range of bridge circuits, In [4] it was pro- 
posed to superimpose on this diagram lines of equal sensitivity. Such a diagram provides a graphical picture of 
the sensitivity variations over the whole measuring range, In [4] equal sensitivity lines were plotted both for bridge 
circuits with null indicators and separate balancing differential indicators, These diagrams, however, were de- 
signed for analyzing the sensitivity when two similar parameters of the bridge arm were changed (for instance, 
two resistances), 


This article deals with the plotting of equal sensitivity lines of bridge circuits with null phase-sensitive in- 
dicators (NPSI) which are widely used both in manual and automatic balancing of bridge circuits [5], 


The diagrams thus obtained also provide an analysis of the sensitivity of bridge circuits with amplitude null 
indicators, 
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The Choice of ¢ Generalized Parameters, We 


shall only examine four-arm bridges with two three- 









































Cir- iroui Phase! 
pit alates lan Tey a f / element arms of fivedifferent types(see table), Cir- 
P - ©. ¢ c) a tat cuits with positive phase angles (between voltage U 
ears) ~ i ite across the left-hand side of the circuit and that of the 
2 XR Cm ele P pA supply U,) are designated in the table with a plus sign 
go—WW—2- WW f° : 7 [we and those with a negative angle designated with a 
C C yo k ea 
3 | ao} IMwwos| — w6, | wo R minus sign, A bridge clecalt which com ee balanced 
a. : : is formed from two circuits with similar single phase 
4 ed ee - R Rk | wl angles, When the end terminals of a circuit (a and b) 
C one, : are interchanged, the phase angle sign is reversed, 
a . Cte ft ob) + [eG | wt, 7 From the five circuits under consideration, 14 inde- 





pendent four-arm bridge circuits can be formed, On 
the assumption that the input impedance of the ac bridge indicating devices is sufficiently high, we shall hence- 
forth consider independently the various arms of the bridge circuits, Thus, the analysis of the sensitivity of bridge 
circuits of the above types is reduced to the analysis of the sensitivity of five three-element circuits, 


In order to be able to analyze simultaneously the properties of the five circuits, it is necessary to use the 
concept of generalized parameters of a three-element circuit, The essence and the possibility ofanalyzing bridge 
circuits by means of generalized parameters will become clearer, if the concept of generalized parameters is ap- 
proached directly by examining the expression for the voltage between the left-hand side and middle terminals 
of the circuit, instead of comparing the balancing lines plotted for various circuits, as it was done in [3, 4]: 

Otome Diengy, (1) 
Z\+2y 


Any of the physical parameters (R, L, or C), depending on the structure of the circuit, can form part of 2, or 2s, 
moreover, the relation of 2, and 2, to any of the parameters can be different. Therefore U will change accord- 
ing to different laws when in different circuits the value of the same parameter is changed according to a given 
law. 


Let us first examine circuits 1-3, 


If the resistances and reactances of circuits 1-3 are denoted by a, 8, and y, Eq. (1) assumes the form: 


-———U, (2) 
atp+jy 

Each of the quantities a, 8, and y occupies a definite place in (2),and hence the variation of any one of 
these quantities with the others remaining constant will produce a definite law of variation in Q Thus, if a, 6, 
and y are assumed to be generalized parameters, the variation of each generalized parameter 0 will correspond 
to a definite type of vector trajectory in the balancing plane (on the topographical diagram), moreover, it is under- 
stood that only three types of trajectories are possible, Since U is a linear fraction function, these trajectories 
will be circles whose characteristic points can be determined directly from the examination of (2). 


From (1) and (2) we can determine the generalized parameters: «a is the impedance connected in the non- 
complex arm; 6 is the component of the complex arm of the same type as a; y is the component of the complex 
arm of a different type than a, For the evaluation of 4 and 5 it is more convenient to express 0 by means of ad- 
mittances; 


, Y, 
 emmmerrmes | 
Y,+ Ys . (3) 


If the circuits 4 and 5 are arranged in the manner shown in the table, i.e., so that Y, is not complex, then 
(3) can be represented in the same form as (2) and hence the above determination will hold, with the exception 
that instead of impedances, real and imaginary parts of admittances are being used in circuits 4 and 5, 
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The basic advantage of the generalized param- 
eters a, 8, and y is that each one of them is only 
related to one of the actual variable parameters (R, 
L, or C), 


If, however, all the three parameters, o, 6, 
and y be considered as independent variables, it will 
be impossible to represent completely function 0 (or 
its derivative) by one common family of curves in 
the balancing plane; for this purpose several such 
families of curves would be required, each of which 
would hold for a certain fixed value of one of the 
parameters, 








Function 0 can be determined by means of two 
parameters if the latter are represented as ratios of 
a, 8,y as shown in expression: 








a a 
l "ot 
U= U,= B U,= y Un. (4) 
a a B p ge ; 





However, when for the purpose of plotting the 
diagram,one of the pairs of ratios is taken 8 /x and y/aor a/y and 6/y) it is necessary to remember that in 
fact the independent parameters are R, L, and C, which are equivalent to a, 6, and y and it can happen that by 
changing one of them both generalized parameters will change, In the latter case the plotted balancing and 
equal sensitivity curves will be useless, since they can only be valid if it is assumed that only one of the general- 
ized parameters is changing, Therefore, if it is desired to analyze by means of the equal sensitivity curves, the 
bridge sensitivity with respect to variable parameters 6 and y, it is not permissible to choose for generalized 
parameters y/a and y/8, since y figures in both the generalized parameters, * 


Thus the choice of the generalized parameters should be determined by the conditions of the problem which 
it is required to solve. 


Considering that in designing ac bridges the effect of parameters y and 8 on the sensitivity of the bridge 
are of greater interest, it is best to choose as generalized parameters 8/a = wp and y/a =p, which provide the 
possibility of plotting curves of equal sensitivity for variables y and 6 and finding from them the sensitivity with 
respect to variations of a, 


Curves of Equal Moduli of Sensitivity. In order to find whether it is possible to attain a certain sensitivity 
with respect to variations of the unknown parameters in a given bridge circuit, it is convenient to use the con- 
cept of the sensitivity of the bridge circuit with a null phase-sensitive indicator to a relative change ina parameter 





AU. A aU, 
Sq= lim g : q = , . £ x (5) 
4q+0 RaUn q oq kaUn 





where kg is the gain of the null phase-sensitive indicator; Ug is the voltage at the output of the indicator; q is 
the parameter which determines the sensitivity, 
The voltage at the output of the indicator working in the switching condition is 
9 
Ug=kaRe [Le], (6) 
where ¢ is the angle of the phase difference between the reference and the bridge supply voltages, 


* These ratios were taken in [4] as the generalized parameters, 
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Substituting (6) in (5) we obtain: 





au q —I? 
Sg=Re aq : U, e : (7) 
0 
but oo ' = Sq the complex specific sensitivity. 
Thus, 


Sq=RelSge  ]=|Sq] cos (8, —1), 
(8) 


where Isl is the modulus and ©, the argument of the complex sensitivity. 


Sensitivity Sy depends both on the parameters of the circuit and the phase (¢) of the reference voltage. By 
changing ¢ it is possible to vary the sensitivity from zero to its maximum, equal to |Sq|.. In order to find out 
whether a given bridge circuit can provide the required sensitivity, it is sufficient to analyze the expression for 
the modulus of the complex sensitivity, With this object in view it is best to plot a family of curves with equal 
moduli in the balance plane which already carries a family of balance curves, These curves determine at each 
point of the balance plane the maximum sensitivity for given parameters which it is possible to provide by an 
appropriate choice of the reference voltage phase. 


Let us now plot in the balance plane (in the complex plane of vector U/U,) curves 


IS. =A=const & IS,| —=B=const, 


where 








— | vy 
h= a ° p=- ” 


(Henceforth we shall remember that Su = Sz and Sp = S,.) 


For this purpose it is necessary to find the relations between the components of W/ Un (the abscissa V and 
the ordinate W in the plane U/U,) and the quantities |S,,| and ISp| . 


Considering that 


a ae 
etltj2 ” (4a) 


let us express IS. and |§ al by means of the generalized parameters y and p 








is. |= au > 2 mm 
wl Op Un | (w+lp+p? ' (9) 
ie au p ) 
S,J= . = (10 
oe a eae 
We have from (4a): 
’ (11) 
U_-_—swt+iltifp =Vayw 





U, ™ (u +1)?+? > 
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Whence 


wp const 


+1 
vo «fe (12) 


(p+ 1y +p? 
P 


Vv = =———___.. 
(u+1)?+ 9? 


(13) 


Comparing (10) and (13) we obtain the equation 
of curves for equal moduli of specific sensitivity with 
respect to the unknown parameter p ; curves which are 
straight lines parallel to the X-axis: 





W=F|S j= +B. (14) 
Considering that 
l 
iy Pe, 
Ky = const (u+1)?+ ? 
Fig, 2 
we find the equation of the curves for equal moduli of 
specific sensitivity with respect to parameter ps: 
V2+ W2—V+A=0. (15) 
, ; : , 1— 4A , :; 1 
This is an equation of circumference of radius r = nie sas with its center in point V= 2! W =0, 


The family of curves of equal moduli of specific sensitivity in the plane U/ Up is shown in Fig, 1, The same 
diagram shows a family of balancing curves 4 = var; p = const; and y = const; p = var,similar to the one plotted 
in [3]. The point of interest to us in the balancing plane, determined by the parameters » and p, islocated at 
the point of intersection of the balance curves with the corresponding indexes, 


Figure 1 shows that the regions of greatest sensitivity with respect to variations of parameters p and p are 
situated in different parts of the balancing plane, The region of the greatest sensitivity with respect to p is situ- 
ated near point A),,and the region of the greatest sensitivity with respect to p, near point By. The locus of points 
where |S,,| =|Sp| is a circle with its center in point Vy = — 1/2; Wo = +1/2 with a radius of (2/2, Point Q 
which lies on that circumference and has the largest ordinate is the point of the maximum possible sensitivity for 
both parameters, At that point 


IS, |=1S,|=0 . 207 


Hence when it is required to obtain the maximum sensitivity for variations of , the circuit parameters 
should be chosen so as to place the operation range near point Ajy; for the maximum sensitivity of variations of p 
the operating range should be placed near point B,,,and for the maximum sensitivity of simultaneous variations of 
ue and p the operating range should be placed near point Q, 


The modulus of the specific complex sensitivity |Sq| is numerically equal to the specific sensitivity of the 
bridge circuit with a normal amplitude null indicator, since the latter reacts precisely to the modulus of the volt- 
age at the measuring diagonal, So, thediagram of Fig. 1 can also be used for determining the sensitivity of bridge 
circuits with null amplitude indicators, 


If we understand similarly to [1] and [4],the region of maximum balance to be the one inside which the 
sensitivity with respect to variations of both parameters does not fall below a given value, it becomes clear from 
the above that such a region would consist of a sector in the central part of the balancing plane bounded by a 
straight line and a circumference with given indexes, when amplitude null indicators are used, 
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Equal Sensitivity Curves of a Bridge Circuit When Null Phase-Sensitive Indicators (NPSI) are Taken Into 
Account, When check calculations of bridges with NPSI are made, after a preliminary choice of bridge param- 
eters, with the object of finding the variations of sensitivity over the whole measuring range, taking into account 
the reference voltage phase,and determining the sensitivity at characteristic points, the sensitivity with respect 
to the relative variation of parameter Sq [see (5)] is no longer of interest, whereas the relative sensitivity with 
respect to the absolute variation of parameter Ky becomes the relevant consideration: 





AU, dU l 
Kg= im —: dg=——*- - (16) 
4qg~0 kan 0q kaUn 








Even in the case when it is convenient to operate with dimensionless parameters in investigating the dynamic 
properties of bridges, the parameter increments (Aq) are referred to some parameter qc constant for the whole 
measuring range (for instance, to the mean or the maximum), and not to quantity q which has a different value 
for each point of the balancing plane. Hence, in this case it is also more convenient to deal with quantity Ky in- 
stead of Sq. 


Let us now plot on the balancing plane curves 
K,=const & K,=const. 


For this purpose let us express Ky, and Ky in terms of y and p: 
au 1 -se 
£ = . = 
s Re| Op Un, | 
_—lu+1)?—"] cos 9+2(u+1) 2 sin'@ 
(u+ly+e} ; 











(17) 
K,=Re| dU a. -“*)- 
’ Op Un 
a F2(u+1)ecosp—[(u+1)?—p?] sing (18) 





(H+ 1)?+e8P 


In conjunction with (12) and (13) let us now express Ki, and K. on the basis of (17) and (18) in terms of V 


and W: . 
KK, =—(V?—W?) cosp—2 VWsing; 
p=—( ) cose sing (19) 
K, V=2W cosp—( V2— W2) sing. (20) 
Let us first assume that ¢ = 0. 
Then the equal sensitivity curves will take the form: 
K,= W2—V?; (21) 
K,=2VW. (22) 


Equations (21) for Ky = const and (22) for K, = const are those of equilateral hyperbolas in the balancing 
plane, The family of equal sensitivity curves is shown in Fig, 2. 


Now it is possible to determine the position of the equal sensitivity curves in the balancing plane for 9 # 0, 
It is easy to show that (19) is an equation of a hyperbola similar to the one described by (21), but rotated with res- 
pect to the origin of the coordinates through angle g/ 2, and (20) represents a hyperbola similar to the one of (22) 
but also turned through an angle of y/2, In order to express Eqs, (19) and (20) in new coordinates V' and W' 
turned with respect to the old ones through angle ¢ / 2 it is sufficient to express in (19) and (20) the values of the 
old coordinates in terms of the new coordinates, 


V=V’ cos — W’sin = : 
7 9 

W=V’ sin— +W’cos —. 
sin 9 +W’cos 9 
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Thus, in order to account for the phase difference between 
the reference voltage with respect to the supply voltage (¢) it 
is sufficient to turn the family of curves shown in Fig, 2 about 
the origin of the coordinates through an angle of ¢/ 2. 


Let us now show how it is possible by using the family of 
curves plotted in Fig. 2 to calculate the sensitivity with respect 
to parameter a, For this purpose let us use the general property 
of the measuring circuits withthe differences between the de- 
pendent variables reduced to zero; this property consists of 
the sensitivities to the variation of definite parameters re- 
lated to each other as the derivatives of the conditions of balance 
of these parameters [6], In other words the condition of the 
bridge balance is 








H=2,Z,—-Z,Z,=0, 






































(23) 
then 
ou oH 
da _ __ oa 
au aH (24) 
op op 
whence 
oH 
ou —s- aU da Z, dU 
da «Ci OBS”:*t«éHN %  ©@ 
op 
or 
al 
ath (25) 
da a Ou 
The specific sensitivity to variations of a parameter is determined by the formula 
K,—Re| gee (26) 
da Un 
Let us represent ——-t in an exponential form: 
t+jp m Ih 
a2 « 
a a (27) 
Sey +p 
where m=V p2-+,2; = aretg = 
By substituting (25) in (26) and expressing aUAu in terms of V and W we obtain: 
K,=——{(V-W) 2V Wsin(p—t) 
ae” cos(P—p)— sin(@—1)]. (28) 
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From the comparison of (28), (19) and (20) it becomes clear how quantity K q can be determined by means 
of the family of curves Ky, = const (Fig. 2), since for this purpose it is suffictent to rotate in the balancing plane 
about the origin of the coordinates the whole family of curves through an angle of g—¥/ 2 and, having read off 
the value K,, at the appropriate point, multiply that value by ~m/ca. 


In order to make practical use of the family of equal sensitivity curves convenient, Fig, 2 is plotted on 
tracing cloth, In order to determine the required sensitivities at various points of the balancing plane, the trac- 
ing cloth with the family of equal sensitivity curves is placed over the universal topographic diagram (Fig. 3), 
which is plotted to the appropriate scale in such a manner that point « in Fig, 2 coincides with point a in Fig. 3 
and the arrow, which is the continuation of the ab axis in Fig. 3, coincides with the Fig, 2 mark, which corresponds 
to half the value of the phase difference angle between the bridge reference and supply voltages, 


By comparing the indexes on the family of balancing curves diagram with those on the family of equal sen- 
sitivity curves diagram at the same points of the balancing plane, it becomes possible to analyze the variation of 
sensitivity inside the working range for a given angle y and a given measuring range, and to determine rapidly 
the values of sensitivity for characteristic points, or to determine for a given range of sensitivity variations the 
possible relations between bridge arm parameters, When the designer has a free choice of angle ¢, it is possible 
to select an optimum value of angle ¢ by rotating the family of equal sensitivity curves about the origin of the 
coordinates in Fig, 3 and analyzing the distribution of sensitivity in the working range. 
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MEASUREMENTS AT HIGH AND ULTRAHIGH FREQUENCIES 


MEASUREMENTS OF CURRENT BY MEANS OF THERMISTOR 
BRIDGES AT FREQUENCIES UP TO 1000 Mc 


G. M, Strizhkov and B, E, Rabinovich 


Thermistors can be used for measuring current at UHF since-their resistance varies with the power consumed, 
For this purpose, however, it is necessary to know, in addition to the power consumed, also the resistance Ry,, of 
the thermistor at UHF, which,in general differs from its resistance Ry» at dc, Such a thermistor current meter in 
conjunction with a small nonreactive resistor can be used as a source of small voltages at frequencies up to 
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* According to A. M, Felorov's data, 


It is expedient to begin the investigation of the thermistor 
as a current measuring device by examining its equivalent cir- 
cuit, 


A full equivalent circuit of a thermistor [1] is shown in 
Fig. 1a, which includes: C, and C7 capacitances formed,res~ 
pectively, by the connecting leads of the thermistor and between 
the particles of the semiconductor; L and r, the inductance and 
resistance of the connecting leads; and Ry, the resistance related 
to the power consumed by the thermistor. 


In order to determine the error in current measurements, 
let us transform the equivalent circuit of Fig. 1a into a series cir- 
cuit (Fig. 1b), neglecting the resistance of the connecting wires 
((« R-o)and taking Cr to be a capacitance which includes Ry. 
Since the current is determined from the power consumed by the 
thermistor, we shall henceforth only consider the resistive com~ 
ponent of the series circuit impedance, The validity of the 
adopted equivalent circuit is confirmed by the good agreement 
between the experimentally determined error Ag! for thermistor 
TSh-2 and its square-law relationship to frequency (see Fig. 5). 


Taking into consideration that L ~ 107*h; Co = 0.03 wut * 


and C'+ = (0.3-0.7) nu f, we obtain after tedious but obvious trans- 
formations; 


. Rro 
Rr» = gee Cos 
L4+0%R ry | 2+ (Cz) —2 ae 
Rro 








The value in square brackets is equivalent to a certain ca- 
pacitance (C,) which shunts the thermistor, t.e., 








ait 'C, 
Cy=]/ Ch+(c,P—2 L&. 
“vy. (Cr) Re, (2) 
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Fig. 3. 1) Oscillator GSS-12; 2) RF filter; 
3) UHF switch; 4) 10 db attenuator AS-1; 
5) separating device; 6) measuring head; 
7) measuring instrument IP-2; 8) absorbing 
load UEA=5; 9) v.t, voltmeter VKS-7B; 
10) thermistor bridge. 


where 


* 12 * 2 
l'=L)1 — = 3 » ( _- 2), (3) 
L [1+ °C) R39] | L 








By substituting the value of L' we obtain 


LC, 
C? = (Cc, +¢,)—2 ——. 
s r) Ri (4) 


The actual value of the current flowing through the 
thermistor can be found from the formula 





oe 50 75° Ky,,0hm 
Sh 
— 2B 


- ae 


f-1000Mc 


af 2 


R Tw 





(5) 





Pr 1 
~ \/ <"(1 + -wRyCt ) 
Kro 





Hence it follows that the determination of the current from 
the power P-, consumed by the thermistor and its resistance 
Ryo at dc involves a systematic error, which is related to 
frequency and the type of thermistor used. From (5) we find 
the relative error in current measurements 





QS 


Sa 
a3 . 





‘= —i = — = R70 Cs - (6) 


\ V 1 +w?RoC*s 


























éL% Formula (6) is approximate, but sufficiently accurate 
Fig. 4 for practical use, since its error is one order lower thané I, 


It follows from (5) that 61 is proportional to po: hence it is advisable to measure the current at the lowest 
possible values of Rj», the remaining factors being equal, 


Thus, in order to be able to calculate the systematic error of current measurement by means ofa thermistor, 
it is necessary to determine capacitance Cg, 


Let us assume that atdc the value of ‘C, is independent of Ry,» of the thermistor, i.e., let us consider that 


Cc L , 
ei «(Cc +C;)’. 
T0 


The justification for this assumption will be given later, 


Having made this assumption let us find the relative increment of the power 5P measured by the thermistor 
bridge for two values of Ry» at a given frequency w, but at a constant value of current I,. which flows through the 
thermistor (see Fig. 1), For this purpose it is advisable to connect in series with the thermistor a low value resistor 
(Ry «10° ohm) and to regulate the current by means of the indication of a receiver connected to this resistance, 
Then 


1+ wC%(Rro) 
1+ oC (Rr)? 


APp— Br Px ‘on Ro 
Rr Rr 





(7) 
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Solving (7) with respect to C, we find: 


v 206 = 400 $00 600 100 800 900 #, Mc 


=m G ~1)/— Kx—1+6P (8) 
zB (Ryo) +8PP—M(R 7p)? 








7G ry where k = R"../R'79. 


Lop Figure 2 shows the relation P-; = f(RT9) taken for va- 
rious types of thermistors at 1000 Mc and a constant L,. 
The same graph shows values of C, calculated from (8) and 
1927 the relation P. = f(RT9). 





-6 
61% The block schematic of the experiment for determin- 


Fi . 
ig. 5 ing Cs is shown in Fig. 3, 


The voltage of frequency w is supplied through a radio frequency filter, 2, UHF switch, 3, attenuator, 4 
(10 db), and separating device, 5, to measuring head, 6, 


The measuring head consists of a segment of coaxial cable loaded at one end with a low value resistance 
R,. The thermistor whose capacitance it is required to measure is connected to the central conductor in series 


Power Py dissipated in the thermistor is measured with a reference bridge, 5, by substituting for power P-, 
adc power, The tuning of the radio frequency filter is made by means of the indications of the v.t, voltmeter 
connected to the absorbing load UEA-5. 


The stability of current I7, which flows through the thermistor, is checked by means of the indications of 
the receiver connected to resistor R,. 


In order to justify the assumption made previously, power P., was measured at small values of R;, when 
the effect of term or is greatest, However, values of C, calculated for Ry» = 20 to 30 ohm and for Rt» = 
To 


= 80 to 100 ohm differed very little, therefore capacitance Cc can be considered one order lower than C'y, Direct 
measurements of this capacitance at a low frequency placed its value at 0.02-0.03 yf, thus the error of formula 
(8) does not exceed + 10%, 


Let us note that all the thermistors measured, types TSh-2 and TSh-2B have the lowest capacity Cs, Therefore, 
these types of thermistors should be used for UHF current measurements, Moreover, the thermistor resistance to 
dc should be kept as low as possible, Figures 4 and 5 show relative errors of 51 for various types of thermistors, 
The range of the measured quantities depends in the main on the type of thermistors, In practice it has been found 
that it is possible to measure currents from 1 to 10 ma by means of thermistors of the above types. 


In conclusion it should be noted that capacitance C, can be measured by means of varying Ry» at frequen- 
cies above 1000 Mc, 


LITERATURE CITED 
{1] R. Valitov and V, Sretenskii, Radio Measurements at Ultrahigh Frequencies [in Russian] (Moscow, 1958). 


199 








A CASCADE REFLEX VOLTMETER 


Yu. V. Mikhatskti 


The reflex voltmeter circuit (Fig. 1) is now being widely used, This circuit is being used for measuring thedc 
voltage of sources with a very high output resistance, Owing to its large negative feedback this circuit has a num- 
ber of valuable features [1]: a) a large input and a small output resistance; b) the possibility of measuring voltage 
over a wide range; c) a linear scale; d) a very stable gain which provides a constant calibration with changing 
supply voltages and different tubes, 


—-o 
+ 





Ea 
Ex 





— 
a. 
- 








Fig, 1 Fig. 2 


However, the input resistance of the reflex voltmeter does not normally exceed 10°— 10° ohm, Where it is 
necessary to have higher input resistances, electrometer tubes are used. However, electrometer tubes with an in- 
put resistance of 10'*-10“ ohm lack some of the advantages of the reflex circuit. 


In the first place they lack a wide range; it is only possible to measure by means of electrometer tubes volt- 
ages up to 2-3 v, The use of potential dividers with a resistance of 10'3 — 10“ ohm is in practice impossible ow- 
ing to the instability of the voltage ratio thus obtained, 


We describe below a circuit of a cascade reflex voltmeter which possesses all the advantages of a normal 
reflex voltmeter and has an input resistance of the order of 10‘ — 10'* ohm. 


The input resistance of a reflex circuit is determined by the grid currents of the tube, The basic components 
of the grid current of receiving voltage amplifier tubes are the electronic and ionic components, the thermoelec- 
tric circuit current,and conductance currents [2]. The remaining components are of a secondary character, The 
shape of the curve of the total grid current is shown in Fig, 2. 


The peculiarity of a reflex circuit is its operation with large negative biases; in such a case the grid current 
is negative, This means that main components in a reflex voltmeter tube grid current consist of the ionic current 
and the thermoelectric circuit current. The latter can be greatly reduced by using a lower heater voltage. 


The value of the ionic current for any given tube depends on the anode current and anode voltage; the ionic 
current decreases with their reduction, When the anode voltage is reduced, the grid current falls rapidly; at 6-9 
volts the ionization stops, This condition is characteristic for electrometer tubes. 


The grid current of the first tube in the reflex cascade. voltmeter (Fig. 3) is considerably reduced owing to 
a small anode current, This is attained by connecting a very large resistance Ry, of the order of tens and hundreds 
of meg in the cathode circuit of the tube, Tests showed that in a tube of the 6S1Zh type with R)y = 45 meg and a 
reduction of the heater voltage to 4 v, the grid current dropped to a value of = amp. 


Resistor Ry, serves as a grid resistance for the second stage and should satisfy the grid current requirements 
of that stage, Resistor Rj,» should have a low value sufficient for connecting a measuring instrument in the cathode 
of that tube, 


On the basis of a cascade reflex voltmeter a pulse voltmeter model was developed and constructed for meas- 
uring voltages of single and repeated pulses with a large duty ratio, The voltmeter circuit is shown in Fig. 4. 


The input of the circuit consists of a cathode follower which provides the possibility of measuring pulse volt- 
ages from a relatively high impedance source, From the output of the cathode follower the pulses are fed to a 
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diode detector connected in a parallel circuit, The dc voltage 
formed at the detector capacitor is measured by the cascade re- 
flex voltmeter, The first stage of the reflex voltmeter uses tube 
6S1Zh since its leakage resistance can be made sufficiently large. 
Hence the discharge time constant is sufficiently large even with 
a small capacitance, The latter circumstance provides measure- 
ment of pulses of a relatively small duration, 











Fig. 3 The voltmeter has two ranges: 50 and 250 v. The change- 

over from one range to the other is accomplished by means of a 

range switch (in Fig. 4 it is shown in the 250 v position), which changes the anode supply voltage and switches 

over the resistors of the bridge circuit in the cathode of tube T,, Switch S, (in Fig. 4 shown in the position of 

"single pulses") serves to preserve the same voltmeter calibration for measuring single and repeated pulses: the 

variation of the resistance connected in series with the milliammeter compensates for the difference in the dc 

voltage formed by the charging capacitor in the grid circuit of tube T;, Push button S, serves to quickly discharge 

this capacitor (in Fig, 4 it is shown normally disconnected), The instrument is supplied from a stabilized source, 





The tests of the voltmeter showed that: 

1) Its scale is almost linear, 

2) After preliminary warming up no drifting was observed (the instrument was under observation for 4 hours), 
3) Video pulses of a duration of 3-5 sec can be measured by means of the voltmeter; 


4) The effective input resistance determined by the leakage resistance ,and the grid current of the first tube 
is 2-10" ohm (the discharge time constant is equal to 400 sec), 






































i Fig. 4 
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A REACTIVE METHOD OF MEASURING DIELECTRIC LOSSES 


K. S, Polulyakh 


The resonance method of measuring dielectric losses in radiotechnical materials at high frequencies is at 
present widespread, 


Normally measurements are made with a very small coupling between measuring circuit and generator, 
and the calculations are made on the assumption that there is no reaction between the measuring and the oscil- 
lator circuits, The KV-1 Q-meter and instruments of the type of IP-3 and others are based on this principle [1]. 


With a weak coupling between the oscillator and the measuring circuit it is impossible to obtain high volt- 
ages across the measuring circuit, the circuit has to be tuned to resonance, and measurement results have to be 
obtained by calculation, thus involving loss of time, Yet in certain cases high measuring voltages are required, 
and for measuring the loss angle of large consignments of capacitors under shop conditions, instruments providing 
rapid measurements are required, 


Forthese purposes measurements with a close coup- 
TO + ling between the oscillator and measuring circuits or a 
direct connection of the measured object into the oscilla- 
tor circuit are widely used, In this case the strength of 
the measuring circuit reaction on the oscillator provides 
a measure of the parameter under test, This method pro- 
vides the possibility of obtaining a direct reading instru- 
fe ment and a large voltage across the measuring circuit. 
We shall call this method henceforth the reactive method, 











The reactive method is used in many instruments 
produced by our industry, These instruments are widely 
used in cases when high precision is not required, However, 
up to the present no theory of their operation exists and 
their working is usually described in a very simplified 
manner, 














Fig. 1 


These instruments use the relation between the dc components of the anode current or the ac voltage across 
the oscillator circuit and its equivalent resistance [2]. 


In instruments for measuring dielectric losses of the type IPP, the relative variation of the equivalent re- 
sistance AR,/R, does not exceed 10% and in instruments for measuring scintillation of capacitors it amounts to 
less than 0.01%, 


In this case the relative variation of the voltage AU}/ U,, can be expressed in terms of ARe/ Re in the fol- 
lowing manner; 


AUp ARe 
a 2, 1 
Us Pp ‘Re ‘ (1) 





where kp is a coefficient depending on the test conditions, 


Having calculated or determined experimentally the load characteristics of the oscillator for a given Re 
and various values of feedback and grid resistance Rye it is possible to find a convenient operating range and sen- 
sitivity of the instrument being designed, 


In actual instruments (for instance IPP, IMK~1 and ISK-~1) the relation of the dc component of the anode 
current Igq to G. = 1/R, is used instead of the function Ig; = ¥ (Gg). In order to determine the design relations 
for these instruments, it is necessary to proceed from the relation of dc component Igo and the first harmonic I,, 
of the anode current expressed by the formula: 
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Z Cx 
= Amplifier 
: A mplifier “! and 
R | L> and ndicator 
y indicator 
+ 
Fig, 2 Fig. 3 
Slay lao _p Ge (2) 
Tas lao ? = 


where k', is a coefficient depending on the conditions of testing and determined from the load characteristics of 
the oscillator, 


Instruments IPP-1, IPP-2, and IPP-3 (3, 4, and 5] are direct reading instruments for measuring tané of ca- 
pacitors, A simplified circuit of the instrument is shown in Fig. 1. The instrument is a dc bridge whose arms are 
formed by resistances Ra» Ry, Rg, and the dc resistance R,}, of the oscillator circuit between points a and b, Before 
testing the bridge is balanced, Next the capacttor under test is connected to terminals Cy, Thus the equivalent 
resistance R of the circuit and hence the dc component Igo of the anode current are changed and the bridge un- 
balanced, The angle of the deflection of the measuring instrument connected across the bridge diagonal is a func- 
ion of tané, 


The instrument has a special device which makes its readings independent of C,, By means of the same de- 
vice the frequency of the oscillator is maintained constant for various values of C,, 


When the bridge is unbalanced, current I begins to flow through the bridge diagonal 
E 


RR; R,R, } (3) 
RatR; R,+R, 


I= 





R+ 





where R, is the internal resistance of the tube; R is the resistance of the bridge diagonal; E is the open circuit volt- 
age across the diagonal (for R = oo, E=AI,,Ra). Then in conjunction with (2) we have 





1 bGe 
I k 
aoa p Ge 


R,R; RR, 
R,+Ri Ri +R, 





R+ 





Instruments of the type ISK-1 and IMK-1 [3, 4, and 6] are designed to measure scintillation of capacitors, 


It follows from [6] that scintillation consists of sudden random changes in the capacitance,and losses obsery- 

able in certain types of capacitors. The simplified circuits of these instruments, shown in Fig, 2, are similar to 

the one of Fig. 1. It differs from the latter, however, by dispensing with the measurement of the static variations 
of current I,9, and having a dynamic operating condition instead, because the changes of the equivalent oscillator 
circuit resistance R, in this case are rapid and sudden. The anode resistor R, of the former circuit (Fig, 1) is now 
replaced by coil Ly with a ferromagnetic core (Fig. 2). Sudden variations ofthe dielectric losses of capacitor Cy 
produce changes in the dc component I, of the anode current, This produces across inductor L, a voltage pulse 
which is amplified and registered on the indicating instrument, 


The speed of variations of the anode current for instantaneous changes of Re is determined by the time con- 
stant of the oscillator circuit (L, C,) if the grid circuit time constant is small, The rise of the dc component iggy 
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of the anode current from Ig9 to Igg + Alag proceeds exponentially: 


t 


iqi=la+blool—e *), (4) 


where r= 2Q/wg = 2C,R, ts the tuned circuit time constant, C, is its capacity, Q is its quality factor and wy is 
the oscillator angular frequency. 


When current {9 flows through inductor Ly, it produces voltage pulses uin the coil 


di an 


=--—L 
. dt 


Having determined digg / dt from (4) we obtain: 
8 ao 


t 
1 a 
a= —=— — Aloe “A 
t 


Substituting Algy from (2) we find: 


L, ’ AG muita 
i eo Ss  s. (5) 


Instruments ISK~3 [6] and ISK-3M (modernized) serve to measure scintillation in capacitors, Their simpli- 
fied circuit is shown in Fig, 3, When a scintillating capacitor is connected to the oscillator circuit, it produces 
a parametric amplitude modulation of the high frequency voltage Uy. The modulated voltage is detected by the 
diode D, The detected voltage is amplified and fed to the indicator, 


The rise of the high frequency current is exponential and its speed is determined by the oscillator circuit 
time constant, Voltage uy at the detector load R, is equal,according to the linear detector theory, to 


t 


4=(Ug+ 3Ug(1—e  * ))cosQ. 


The cutoff angle of detector @, is obtained from the expression: 


S,R\= 
or @e,y-6, * 
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where S,, is the slope of the diode detector character- 
istic, 


The relation of Sgh, to cos Opis shown by the curve 
in Pig. 4, 


If it is assumed that the bandwith of circuit RgC, 
is infinitely large, voltage ug across resistor R, will be: 





Peco ae Bs 
Ot 02 a5 ft é 5 WW Qo 50 100Y 





t 
Fig. 6 u,=—AU,cosg a. 


Substituting the value of AU; from (1) we find: 


AR, _.. 
uy= Unkp— cos @,e =. 
e 


(6) 


It follows from (5) and (6) that if there is any scintillation, we shall obtain an exponential pulse in the cir- 
cuits of Figs, 2 and 3, 


In conclusion let us examine the amplification of the exponential pulse and find a method of selecting the 
required amplifier bandwidth, 


The bandwidth of the oscillator circuit (Figs, 2 and 3) is equal to 


2 
Mfp= ° 
t 





where T is the circuit time constant, 


The bandwidth of the low frequency amplifier is similarly expressed by means of the amplifier time con- 
stant 7]: 


tat l 
ie 





where R is the anode load resistance of the amplifier; C is the capacity shunting R. 


Let us find the relation of the exponential pulse amplitude at the amplifier output to the expression 


2Af t 
= = 
Afp A | 








when an exponential pulse with a unit amplitude is fed to the amplifier input. The voltage envelope at the out- 
put of the low frequency amplifier is equal to the expression below([7]) when voltage E(t) is fed to its input: 


t 
U()={A(T)E(t—T) a7. (7) 


A(t) can be determined from the knowledge of the voltage U,(t) at the amplifier output when a unit voltage im- 
pulse is fedto its input, By assuming in (7) that E = 1 we have: 


t 
U(ti=fAt T) aT, 


whence 





d 
Mj=—— U,()= 
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When at the output of the amplifier there appears an exponential pulse 


je 
E(t)=e * 


we obtain 


t 
1 a hm Ff 
v= | te = &, 
* 
0 





whence we have the voltage at the amplifier output 





t t 
U()= u ( e a . ni). (8) 
1-1 
The shape of pulse U(t) at the output of the amplifier due to the feeding of an exponential pulse to its in- 
put is given in relation to quantity y, which was found from the last expression, in the curves of Fig. 5. 


Let us find the relation of the amplitude of pulse Uma, at the output of the amplifier to ratio y. By equat- 
ing to zero the derivative dU/dt obtained from (8) we shall find an expression for the instant ty when U(t) attains 
its maximum value Umax’ 


tiny 
y-1 
By substituting the values of t, from (8) we find the relation between the amplitude of pulse Upja and 
ratio y: 





t= 





1 Iny Iny 
Umax = nal ( e wl —e! y-1 ): 


The function thus obtained was plotted in the form of a curve in Fig. 6, It will be seen from the graph that 
when the bandwidth of the amplifier is increased, the voltage at its output increases very slowly, 


In our case only the amplitude of the pulse is of interest and not its shape, hence it is better to increase the 
gain of the amplifier rather than bandwidth since the latter is more difficult. 


The curve of Fig. 6 provides the possibility of selecting a suitable bandwidth for the amplifier, 
These relationships can serve as a basis for designing circuits shown in Figs, 1, 2, and 3, when constructing 
instruments of the type described above, 
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MEASUREMENT OF VOLUME | 


CALIBRATION IN CENTIMETER STEPS OF HORIZONTAL TANKS 
WITH CYLINDRICAL BOTTOMS 


E. N, Lessig 


Horizontal tanks with cylindrical bottoms, of 50, 75,and 100 m® capacity, whose design and calibration were 
worked out in [1, 2], are now coming into operation, At present,tanks of the same construction but of a capacity of 
150 m® are being designed. 


Measurements made by the All-Union Scientific Re- 

















Bi Section along BB search Institute of Oil Construction of the Chief Gas Admini- 
~ Ke » a stration of the USSR and the Moscow Institute of Urban Civil 
5 - _ —_ > So Engineers of the Moscow City Soviet Executive Committee [3] 

showed that the horizontal tanks with cylindrical bottoms of 
iH Sec along . i! 50, 75, and 100 m® capacity can operate at a pressure up to 


0.7 kg/ cm?, From technical, economic, and operational con- 
siderations they have certain advantages as compared with 
tanks which have spherical, flat,or conical bottoms and they 
can also be used underground, 
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H H 
ae kK =. 1 « mie A ler Zin ale a ie 
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D c D Cc D c D c D < D D c 











0.010 0.000 0.166 0.073 0.275 0.185 0.390 0.338 || 0.505 0.507 0.620 | 0.677 0.735 | 0.826 0.842 0.933 
0.020 0,001 0.170 0.077 0.280 0.191 0.395 0.345 || 0.510 0.515 0.625 | 0.634 0,740 | 0.8932 0.846 0.936 
0.030 0.003 0.174 0.80 0.285 0.197 0.400 0.352 | 0.515 0.522 0.630 | 0 630 0.745 | 0.838 0.850 0.939 
0,040 0,005 0.178 0.084 0.290 0.204 0.405 0.359 || 0.520 0.530 0.635 | 0.697 0.750 | 0.844 0.860 0.947 
0.050 0.007 0.182 0.087 0.295 0.210 0.410 0.366 || 0.525 9.537 0.640 | 0.704 0.755 | 0.849 0.870 0.954 





0,055 0.009 0. 186 0.091 0°00 0.216 0.415 0.374 || 0.530 0.545 0.645 | 0.711 0.760 | 0.855 0.880 0.960 
0.0€0 0.010 0.190 0.095 0.305 0.223 0.420 0.381 || 0.535 0.552 0.650 | 0.718 0.765 | 0.860 0.890 0.966 
0.065 0.012 0.194 0.98 0.310 0.229 0.425 0.388 || 0.540 0.560 0.653 | 0.725 0.770 | 0.866 0.900 0.972 


0.070 ; 0.014 || 9.200 | 0.104 || 0.315 | 0.235 | 0.430 | 0.396 || 0.545 | 0.567 | 0.660] 0.732 |} 0.775 | 0.871 || 0.905] 0.975 
0.075 | 0.016 || 0.205 199 || 0.320 | 0.242 |} 0.435 | 0.403} 0.550 | 0.575 || 0.665 | 0.738 || 0.780] 0.876 || 0.910] 0.977 
0.089 | 0.018 || 0.210 114 || 0.325 | 0.248 || 0.440 | 0.410 |} 0.555 | 0.582 || 0.670] 0.745 || 0.785] 0.881 || 0.915] 0.980 
0.085 | 0.020 || 0.215 119 || 0.330 | 0.255 | 0.445 | 0.418 || 0.500 | 0.590 || 0.675 | 0.752 || 0.790] 0.886 || 0.920, 0.982 
0.090 | 0.023 || 0.220 124 || 0.335 | 0.262 ] 0.450 | 0.425] 0.565 | 0.597 || 0.680] 0.758 || 0.795] 0.891 || 0.925] 0.984 
0.095 | 0.025 || 0.225 129 || 0.340 | 0,268 |} 0.455 | 0.433 || 0.570 | 0,604 | 0.685 | 0.765 || 0.800 | 0.896 || 0.930] 0.986 
0.100 | 0.028 || 0.230 134 || 0.345 | 0.275 || v.460 | 0.440} 0.575 | 0.612 || 0.690] 0.771 |} 0.806] 0.902 || 0.935] 0.988 
0.110 | 0.034 |} 0.235 140 || 0.350 | 0.282 | 0.465 | 0.448 |) 0.580 | 0.619 || 0,695 | 0.777 || 0.810} 0.905 || 0.940; 0.990 
0.120 | 0.040 || 0.240 145 || 0.355 | 0.289 || 0.470 | 0.455 || 0.585 | 0.626 || v.70) | 0.784 || 0.814] 0.909 || 0.945] 0.991 
0.130 | 0.046 || 0.245 151 || 0.360 | 0.296 | 0,475 | 0.463 | 0.590 | 0.634 || 0.705 | 0.790 || 0.818] 0.913 |} 0.950! 0.993 
0.140 | 0.053 || 0.250 156 || 0.365 | 0.303 | 0.480 | 0.470 || 0.595 | 0.641 || 0.710 | 0.796 || 0.822 | 0.916 || 0.960] 0.995 
0.150 | 0.061 || 0.255 162 || 0.370 | 0.310 |} 0.485 | 0.478} 0.600 | 0.648 || 0.715 | 0.803 || 0.826] 0.920 || 0.970] 0.997 
0.154 | 0.064 || 0.260 168 || 0.375 | 0.316 || 0.490 | 0.485 || 0.605 | 0.655 | 0.720] 0.809 | 0.830] 0.923 || 0.980] 0.999 
0.158 | 0.047 || 0.265 174 || 0.280 | 0.323 || 0.495 | 0.493 || 0.610 | 0.662 |} 0.725] 0.815 || 0.834] 0.927 || 0.990] 1.000 
0.162 | 0.070 | 0.270 179 || 0.385 | 0.331 || 0.500 } 0.500|) 0.615 | 0.669 || 0.730] 0.821 || 0.838} 0.930 || 1..0U] 1.000 
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In order to be able to apply to the new tanks the geometrical volume method of calibration, this article car- 
ries filling coefficients for cylindrical bottoms K,,, tabulated with respect to the ratio of the height of tank filling 
H (height of “pouring™) to its diameter D, The required volume of the liquid at any level in cylindrical bot- 
toms [4] is equal to: 
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& y? 
on «ani Re — (1) 
V; 3 ki—4y ( 3 ) 
where R is the internal radius of the cylindrical bottom; y is the vertical distance from the axis of the tank to the 


surface of the liquid (positive in the downward and negative in the upward direction ), 


If the volume of the liquid in the bottom is expressed in terms of the cylindrical bottom filling coefficient 
K, and the ordinate y (see figure) we shall obtain: 


y (2) 
os th aorteannglel (2) 
K. =0.5— 0.75 Re 
The volume of liquid in the cylindrical bottoms is: 
Vs =2K, V, 
f © "6 « (3) 


where Vc is the volume of one of the cylindrical bottoms equal to 8/3 “Rs K,, is the filling coefficient of the 
cylindrical bottoms calculated from (2). 


The values of the coefficient K,, are given in the table with respect to ratios H/ D, 
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MEASUREMENT OF LIQUID AND GAS FLOW 


CONSUMPTION-MEASURING DIFFERENTIAL MANOMETERS 
WITH AUTOMATIC CORRECTION FOR SEVERAL GAS PARAMETERS 


M. D. Gafanovich 


The measurement and automatic control of gas discharges is one of the important components in the work- 
ing of various thermotechnical installations such as open-hearth and blast furnaces, boilers, etc, 


The method of measuring gas discharges by means of pressure differences in constricting devices is the most 
widely used among existing methods in our industry. 


In many practical cases it is necessary to measure with considerable accuracy gas discharges involving con- 
tinuous automatic correction of the readings for conditions of normal temperature, pressure,and humidity by means 
of special flowmeters, Such flowmeters can be divided structually into three groups (Fig. 1): 


1) Devices for measuring various gas parameters and converting the measuring results into mechanical, pneu~ 
matic, and similar quantities. 


2) Computers which carry out the required mathematical treatment of the measurement results and adjust 
them to normal conditions (20°C, 760 mm Hg). 


3) Devices for the transmission of results, in the form of signals proportional to the flow (in m'/hr STP) to other 
instruments working in conjunction with the flowmeters, 


Work on the development of automatic correction 
flowmeters is being conducted both in the Soviet Union 
and abroad, 


The flowmeter and regulator with automatic correc- 
tion of several gas parameters, developed by the Central 
Automation Laboratory of “Energochermet” [1 ]} uses a 
bridge circuit with slide wires as a computing element, A 
similar computing device is used in the compensation flow- 
meter with automatic correction for temperature and pres- 
sure of the American firm, the Bailey Meter Company [2]. 





The flowmeter computing device of the German 
firm Siemens is different, but it also uses a slide-wire 
bridge circuit for temperature and pressure correction, 


Fig. 1. Block schematic of a flowmeter with 
corrections, A) Measuring device; 1) manom- 
eter; 2) moisture content setting device; 3) dif- 
ferential manometer; 4) resistance thermom- It should be noted that computers with sliding-contact 


eter; B) computer; C) result transmitting device, resistors are unreliable, since the resistors wear rapidly, and 
the contact surfaces often oxidize and become dirty, es- 


pecially in the gas-filled and dusty atmosphere of chem- 
ical and metallurgical plants, 


The ring-type flowmeter computing device of the American firm Hagan, is based on intricate and accurate 
kinematiccouplings between mechanical elements resulting in considerable technological difficulties. 


The problem of designing automatic correction flowmeters without sliding-contact resistors has been solved 
by the Khar*kov "KIP” plant. 


810 





Two versions * of these instruments have been developed®* * 
e § and are now passing their field tests: 


1) DMKK, a compensation, diaphragm, high-speed, dif- 
ferential pressure flowmeter with automatic correction for gas 
pressure and temperature, 


2) DMKV differs from DMKK by having an additional cor- 
rection for moisture content in the gas with a manually set refer- 
ence level, 











The description of the more intricate instrument DMKV is 
given below; it includes the following measuring devices (Fig. 1): 
a) a manometer which registers gas pressure P and converts it into 
a proportional angle of rotation 8,; b) a moisture content setting 
device which provides angle 6 » proportional to set gas-moisture 
content f; c) a differential manometer which supplies angle 6, 
proportional to the pressure difference AP; d) a resistance thermom- 
eter whose resistance Ry is proportional to the gas temperature T, 



































The computing devices of the instrument provide an angle 
of rotation 8s which is proportional to the gas flow referred to nor- 
mal conditions, 


The quantity 6.5 is fed to the result transmitting device which produces ac emfs Ey, E,, and E;, proportional 
to the gas flow. These emfs are output signals and are transmitted to devices working in conjunction with the in- 
strument, 


Ferrodynamic transducers, developed by the plant, are used as contactless converters of the angle of rotation 
into a proportional emf, A ferrodynamic transducer (Fig. 2) consists of a core, 1, with fixed, 2, and adjustable, 3, 
plungers working inside excitation windings W, and W,, Coil, 5, is made free to rotate round the central core, 4, 
When an ac current is connected to winding Wy, a flux is induced in the core which in turn induces an emf in the 
coil. The value of the emf at the output of winding W, and the coil connected in series is proportional to the flux, 
and hence the excitation current, and the angle of rotation of the coil, The value of the flux can be adjusted by 
means of plunger, 3, with a constant excitation current connected to the input, 


The helical spring, whose turning is proportional to the measured pressure and is transmitted to the coil of 
the ferrodynamic converter, serves as the sensing element of the instrument, The basic error of the manometer 
does not exceed +1.5% of the maximum measurable pressure, 


For convenience of calibration and checking, the manometer is supplied with an appropriate scale, 
The schematic of the diaphragm, compensation, differential manometer is shown in Fig. 3. 


Under the effect of the pressure difference the sluggish diaphragm, 2, placed in the body, 1, of the instru- 
ment, is displaced together with plunger, 3, which is connected to it and belongs to the differential transformer 
transducer, 4. The unbalanced voltage is fed to the input of amplifier, 5, which drives a capacitor induction 
motor, 6, linked by linear law templet, 7, to lever, 8, which operates through packing bellows, 9, the balancing 
spring, 10. The compensation process is completed when plunger, 3, and the diaphragm return to the initial posi- 
tion, The force exerted by the diaphragm is thus balanced by the spring, and the axis of the templet and the 
pointer are rotated through an angle proportional to the pressure difference whose value can be read (in percent) 
from scale 11, The templet axis is kinematically connected to the coil of the ferrodynamic converter, 12, The 
rotation angle of its coil is proportional to the pressure difference. 


The basic error of the differential manometer does not exceed + 1% of the full scale deflection. 





* The instruments have not passed state tests, 
** Registration certificate No, 11253 of November 6, 1958, The instruments were developed by K, I, Didenko, 
M, D, Gafanovich, V. M. Kovalev, V. A. Sushin, Zh, A, Guseva, N. G, Federova, and B, Ya. Gorodetskii. 
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For a sudden change of pressure difference from 
0 to the maximum the manometer pointer traverses . 
the whole scale in less than 2 seconds, 








In measuring the gas flow, instrument DMKV 
continuously solves automatically the following equa- 





























tions [3]: 
APK 
GY “Keke ©) 
where 
ges 
PP, ° Tq 


___ Opt) W.7494+/) 
TUnthy )(0.749+f, ) 





Q, is the gas flow under normal conditions, nm*/hr; K_ is the pressure correcting coefficient; Ky is the temper- 

ature correcting coefficient; Ky is the moisture content correcting coefficient; y ,, is the specific gravity of dry 

gas under normal conditions, kg-wt/m*; P is the static gas pressure under working conditions, kg-wt/ m'; P, is 

the static pressure assumed in designing the diaphragm kg-wt/cm?; T isthe gas temperature under working con- 
ditions, °K; Tg is the gas temperature assumed in designing the diaphragm, °K; f is the moisture content of gas 

under working conditions referred to dry gas, kg-wt/ nm’; fy is the gas moisture content assumed in diaphragm design, 
kg-wt/ nm; 0.749 is the specific gravity of water vapor under normal conditions, kg-wt/m°, 


The equations solved by instrument DMKK differ from those under (1) by the absence of coefficient Kg. 


When P, T, and f equal their design values K 
ferential flowmeter, 


: = K+ = K¢ = 1, the instrument operates like a normal dif- 


The schematic of the computing and transmitting devices of the DMKV instrument is shown in Fig, 4, 
The coil of converter, 1, is turned by means ofa manometerthrough angle 8, which is proportional to gas 


pressure P in the operating condition and hence to Kp, 1.e., 


8,=hyKp. ms 


Since the core of converter, 1 (similar to the cores of the remaining converters) works in an unsaturated 
condition, the emf ED taken off its output is 


E,=k,U 3, =k U Kp, (3) 


where U,, is the supply voltage which feeds the excitation winding of the converter, 


The difference between E_ and the feedback emf Egp is fed to the input of the electronic repeater unit (ERU) 
consisting of a power amplifier with a large negative feedback, Ep, obtained from the feedback of converter, 
2, is proportional to the excitation winding voltage, which is a part of the ERU output voltage Upyr, and to the 
angle of rotation 8, of the converter coil, i.e. 


Ef =e Uour (4) 


The coil of converter, 2, is turned by means of a handle to a preset value of the working gas moisture con- 
tent f represented by an angle proportional to Kr 


=hsKy. : 
ee (5) 


*nm = m* (STP). 
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It follows from (4) and (5) that: 
E py hey Ky. (6) 


The voltage at the ERUoutput is equal 


Your=Ky (Ep—E ty), (7) 
where Ky is the gainof the amplifier. 

















Thus, we obtain: 





k,KyU-Kp 
Gut ory 1+hoKyKy (8) 





A quantitative analysis of the right-hand side of the denominator of (8) shows that 1 « kgKyKf¢ and, there- 
fore, it is possible to neglect unity with an error not exceeding 0.023%, Then 


Kp (9) 
Uout= a . 


The coil of converter, 3, isturned by the differential manometer through angle 8, which is proportional to 
the pressure difference AP, i.e. 





3, =k, dP. (10) 
The emf Eap produced by converter, 3, is proportional to the ERU output voltage U, and angle Bs: 
, Kp\P 
E,p=hU,, By=k Ue f (11) 


The emf E;, produced by converter, 4, is proportional to the supply voltage U.. which feeds the excitation 
winding of the converter and the angle 6, of the rotation of the coil: 


Ege hy UB, (12) 


Since the excitation windings of converters 1 and 4 are fed from the same supply, the supply voltageU, in(12) 
is the same as in (3). 


The output of converter, 4, is loaded with stable resistors R', and R and resistance R- of the resistance ther- 
mometer, which is immersed in the gas pipe line. Resistance R', is made sufficiently large to ensure a constant 
current with variations of resistance R due to the changes of gas temperature in the working range, 


Then the voltage drop U, across resistors R,. and R can be expressed as 


Up=hnEx(Rp +R). (13) 


In order to introduce an adequate temperature correction, it is necessary, as it will be shown later, to make 
the relative change of the total resistance (R; + R) due to the change in temperature equal to K7, L.e., 


aniline thn (14) 
ee Rr, +R" 


where Rr, is the resistance of Ry corresponding to the design temperature, 
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Taking (14) for two values of temperature T, 
pes 238 —— and T;, we find: 











R= K7,Rr, —K7,Rry 


I hal Kn-Kr 


Lg Denoting RTq + R by ky and solving simultane- 
$3 if ously (12), (13), and (14), we obtain: 


(15) 


-—, 




















E Up=h,,U,3,Kr, (16) 





























U all it where ky = Kip kyeky3. 


Voltage drop Up» across resistor Rp is equal to 








tube k,AP 
Ur. =hisESPRye= hye (17) 
I 











where 























Rig=R oki Ro. 





Resistance Rp is made equal to Ryg +R, At the 
point of balance Uy, = Up». Then we obtain from (16) and (17): 


Kp\P 


=, 
B, "Ke Ky 





(18) 


It follows from (18) that the angle of rotation of the converter coil, 4, is proportional to the expression under 
the root in (1), moreover, it is independent of the supply voltage. 


The profile of templet, 5, is chosen to make the axle turning angle equal to 





APK 
8.=V 6, = ky, ati’ J ’ 19 
| Ky Ky its 


i.e,, angle 6s is proportional to the flow Q,. 


The axle of templet, 5, is connected kinematically to the coils of the ferromagnetic converters, 6, which 
produce emfs proportional to Q,, for transmission to a secondary regulating device, to an automatic circuit,or any 
other device, 


These instruments can work in conjunction with secondary compensation devices of the VF type, electrohydrau- 
lic regulators REG, and other equipment based on ferrodynamic converters, 


The instrument is cased in a dust-and spray-proof body designed for wall mounting. 


It was pointed out previously that the instrument automatically corrects for the gas moisture content when 
the value of the content is set manually, A change to an automatic setting of the moisture content will not re- 
quire any alterations in the instrument design; such a change cannot, however, be made at present since there are 
no simple and reliable instruments which can measure continuously the moisture content, 


The "KIP” plant has developed a technique for testing the differential flowmeters with automatic correction, 
The relative error of these instruments is expressed,similarly to ordinary differential manometers, in percentage of 
the maximum measured pressure difference. 


The basic error of the DMKV flowmeter is determined in the following manner, 
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The manometer and differential manometer are fed with appropriate pressures and pressure differences con- 
trolled by reference instruments, 


The pressure (determined by the reference manometer) and the moisture content (from the scale) are set to 
their designed values, The external terminals of the instrument are connected (instead of the resistance thermom- 
eter) to a resistance box which is set to a resistance equal in value to that of the thermometer for the design tem- 
perature, By varying the pressure difference, the pointer is set to the required flow scale graduations and the pres- 
sure difference checked on the reference differential manometer, The absolute value of the basic error is deter- 
mined as the difference between the calculated pressure difference value corresponding to the set graduation on 
the scale and the reading of the reference manometer, 


Tests have shown that the basic error of DMKV and DMKK instruments does not exceed + 1.5%. The addi- 
tional error due to the deviation of the values of P, T, and f from their values taken for the design of the diaphragm 
does not exceed + 2.5%, Thus, the total error of the instruments does not exceed + 4%, 


The technique of determining the total error of the DMKV flowmeter consists of the following. The manom- 
eter is fed with pressure P* equal either to the upper or the lower pressure correction limit, The moisture content 
scale is set to quantity f* equal either to the upper or the lower moisture content correction limit, By means of 
the resistance box,a resistance is set which corresponds to the thermometer resistance at temperature T' equal 
either to the upper or the lower temperature correction limits, Pressure difference AP which it is necessary to 
feed to the differential manometer in order to set on the scale of flow value 50% of the maximum is determined 
from the reference instrument, The pressure difference value thus obtained is then compared with the one cal- 
culated from formula 


os 
apa TAL 96, 
Kp 


which has been derived from (1) for K = 10 and Q, = 50%, 


(20) 


The values of Ky, Kg, and Kp in (20) are determined from P', T*, and f*, 


The absolute value of the total error is defined as the difference between the pressure difference values 
measured on the reference instrument and calculated from (20) expressed as a percentage of the maximum pres- 
sure difference measured by the manometer, 


The total error is determined for various combinations of the limiting values of P’, T‘,and f*. 
The basic technical characteristics of the DMKV and DMKK instruments are: 


1. The ranges of pressure difference measurements are 0-100 and 0-1600 mm of water column and 0-40 
and 0-160 mm Hg. 


2. The ranges of corrections for the absolute static pressure are: 0-6, 5-11, 7-17 kg-wt/ cm?, 


3. The temperature correction range is + 50°C from the reference temperature, providing it is within the 
measuring range of the copper or platinum resistance thermometers used, 


4, The moisture content correction is in the range of 0-50 g-wt/ nm! of the dry gas value (only for the 
DMKC instrument), 


5. The basic measurement error for the design values of P, T, and f does not exceed +1.5%.of the maximum 
measurable pressure difference. 


6. The total measurement error with a deviation of the values of P, T, and f from their design values with- 
in the correction range does not exceed + 4% of the maximum measurable value of pressure differences, 


1, The time taken by the pointer to traverse the whole flow scale when the pressure difference changes sud- 
denly from 0 to the maximum, or vice versa,does not exceed 2,5 seconds, 


The overall and connection dimensions are shown in Fig. 5. 


These instruments have been in use at the open hearth furnaces of the Dzerzhinskii "Zaporozhstal" metal- 
lurgical plant where they are being used for controlling the flow of oxygen which intensifies the burning. 
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MEASUREMENTS OF SMALL CONSUMPTIONS OF MAZUT 


K. I. Didenko and V,. M, Levin 


According to the Seven-Year Plan for the development of the USSR national economy, the production and 
consumption of oil and its products will be increased, It is known that the share of oil, its products ,and natural 
gas in the total fuel production will form 51% by 1965 instead of the 31% it formed in 1958, 


The instrument-making industry must provide high quality, modern 
instruments for the automation and control of ovens working on mazut, 





A ie] | AA A As reported in [1], the Khar*kov "KIP™ plant has mastered the produc~ 
Bs. Wile % tion of several types of piston mazutmeters for the higher measuring 
hse de Te a 4 ranges from 500-4000 liters/ hr, 








However, for several years the industry has been in need of the 
low value flowmeters with an upper limit of 250 liters/hr to 50 liters/hr. 
The change-over to group mechanization and automation requires the 
installation of measuring and controlling equipment in small ovens, 

The requirement in very small value mazut flowmeters is answered by 
the introduction of new models of small thermal units, These units are 
equipped with special burners which work at low fuel consumption (sec~- 
tional high-speed ovens, through and tunnel ovens, and others with a 
small operational volume). 
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Till now,instruments for such small flows did not exist. 


Electromagnetic flowmeters which provide measurements of neg- 
ligibly small flow and are widely advertised abroad, cannot be used for 
measuring liquid-containing hydrocarbons, owing to their large resistiv~ 


ity. 
The Khar*kov "KIP” plant produced a low consumption volume 
meter for liquid supplied with a flow-measuring device. 





The design of an instrument for low consumptions on the basis of 
decreasing the size of the instrument used for medium and large flows 
was not successful, owing to the unsatisfactory relation between the mo- 
tive and friction forces, 





By means of original simplification it became possible to construct a small hydraulic motor which possessed 
a sufficiently smooth operation and a torque large enough to be able to use a suitable tachometric head for sum- 
ming, remote transmission,and presentation of the instantaneous flow value. 


At the same time the plant modernized the tachometric head of the mazutmeter by changing the rheostat 
system of remote transmission to a ferrodynamic one. 
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Figure 1 shows the main low flow mazutmeter unit which consists of the hydraulic motor, The hydraulic 
motor is a device which converts the flow of liquid into a rotary movement of an axle so as to make the 
speed of the shaft rotation proportional to the flow of the liquid. Four pistons, 1, move in body, 3, and are rigidly 
fixed to coupling rods, 2, which rest against a slanting disk, 4. 


The slanting disk is hinged by means of bearing, 6, and band, 7, to axle, 5, The incline of disk, 4, is set 
by means of screw, 8, which is secured by nut, 16. 


Flywheel, 10, which is connected to axle, 5, by a fine thread serves to secure the slanting disk, The fasten- 
ing of the flywheel provides a secure fixing for the entire unit, 


The upper end of the central axle, 5, is fixed through crank, 12, to circular valve, 13, which slides over the 
top surface of the unit and opens consecutively the inlets to the hydraulic motor cylinders. 


The eccentric position of the valve with respect to the axle and the appropriate shape of the distribution 
valve ports provide a smooth, jerkless connecting of the cylinders to the inlet and exhaust cavities of the liquid. 


The valve is packed by means of a ground disk, 14, connected to bellows, 15, which separates the inlet and 
exhaust cavities, The connection between the disk and the valve is secured by means of helical springs. 


Consecutive pressing of the coupling rods against disk, 4, makes it turn together with axle, 5, about the 
vertical axis of the hydraulic motor, The surface of the rod ends and the disk are heat treated and polished. Hence, 
owing to the lubricating properties of mazut, the sliding causes little friction, It should be noted that disk, 4, only 
swings but does not turn, thus greatly reducing the friction, 


The slant of the disk determines the stroke of the pistons and, hence, the amount of liquid passing through 
the hydraulic motor during each revolution of the axle. 


The calibration of the hydraulic motor is carried out by adjusting the slope of disk, 4, by means of screw, 8, 
and flywheel, 10, through hatch, 11. 


The schematic of the mazutmeter modernized tachometric head is shown in Fig. 2, 


The extended nut 1,with a coarse thread,is driven by the hydraulic motor through step-up gears, 2, 
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Screw, 3, is connected to the nut and carries a friction disk, 4, which is driven by disk, 5, connected to a 
small-size synchronous motor, 6, If the angular velocities of the screw and the nut differ, the screw with the rol- 
ler will be driven up or down until their angular velocities are equalized, 


Thus, the position of the screw along the vertical axis has a single value and provides a linear measure of 
the rotation speed of the hydraulic motor axle, By means of rack, 7, and gear, 8, this movement is transmitted to 
a pointer, 


Counter, 9, is driven directly from the hydraulic motor through a set of gears, 


Remote transmission of the instrument readings is accomplished by means of moving coil ferrodynamic con- 
verters, 10, one of which can be connected to a secondary instrument and the other to a control system, 


The ferrodynamic converters are operated by a compact drive, 11, consisting of a four-turn worm-gear con- 
nected to the same axle as gear, 8, and a gear wheel, 


These converters provide a reliable, contactless remote transmission free from the defects of rheostat con- 
verters. 


Mazutmeters for flows of 50 and 250 liters/hr are now being mass-produced and are in operation at many 
metallurgical plants, The error of the total consumption of these instruments does not exceed +2% of the recorded 
amount and the error of the flow indication not more than + 2.5% of the maximum scale reading. 


The maximum loss in pressure due to the instrument does not exceed 2 mm of water column, The maxi- 
mum static pressure inside the instrument body is 10 kg/ cm?, Its flow measuring range is from 20 to 100%, Its 
threshold of sensitivity is not higher than 0.5% of the full scale reading. 


A study was made of the ability of volumetric, cylindrical mazutmeters to operate with suddenly changing 
flows. It should be noted that in metallurgical plants and heating units in other branches of industry the consump- 
tion, of mazut can change suddenly, The pulses or sudden changes can be of a random or periodic nature owing 
to unequal supply or technological necessity, The preservation of the accuracy of the instrument under pulsating 
conditions is a most valuable asset uncommon to flowmeters, 


Tests of the volumetric piston flowmeters showed that they possess the important property of registering with 
practically the normal accuracy the total fuel consumption under widely different pulsating conditions, This ac- 
curacy was checked on special benches by the weighing method, The pulsating consumption was produced by 
automatic control of the inlet valve of the instrument by means of a specially constructed pulsator, 


The main unit of the pulsator consisted of a reversible electrical actuating mechanism, controlled by switch~- 
es, The switches were operated by means of a synchronous motor with a replaceable cam. 


The control of the inlet valve was attained by means of a three-link lever arrangement, wiich connected 
the axle of the actuating mechanism with the valve, 


The pulsating conditions were adjusted by mounting a cam with the appropriate number of lobes which de- 
termined the frequency of pulsation and by regulating the lengths ofthe three-link device. 


Figure 3 shows the most characteristic conditions of pulsation with periods from 15 to 3 seconds, 


Tests have shown that the error in measuring the total consumption by means of mazutmeters due to pulsat- 
ing conditions does not exceed 0.5% of the amount measured, This property of the instrument can be very useful 
in many branches of industry. 


The voltmetric mazutmeters do not cover as yet the whole range of measurements required by industry, 
Many organizations and plants persistently request the supply of instruments covering the range of flows from 5 to 
25 kg/hr. Such an instrument is being at present developed by the special design office of the plant, Its eventual 
introduction will provide a further economy in the utilization of fuel, will decrease the burning of metal,and im- 
prove the heating efficiency of small size ovens, 
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MEASUREMENT OF SMELTING LEVELS 


B, A. Glagovskii 


In laboratory investigations of high temperature melts a precise control of the melt level is often required, 
Such a control is important in studying melts of glass, resins,and other substances, For instance, the measurement 
of viscosity of these substances by Stokes’ method [1] requires a precise knowledge of the melt level at every in- 
stant. The knowledge of levels is also required in measuring the density of these melts and in various other experi- 
ments, Apart from the above laboratory measurements of levels, their control is also required in production, for 
instance, directly in a glass furnace, in vessels for resin smelting (in optical production),and other instances of pre- 
paration and use of melts, 
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Common level indicators used in measurements (including level indicators operating on the basis of radio~ 
active isotopes [2]) cannot solve the problem of measuring melt levels at high temperatures, since these melts 
must be placed,in order to retain their high temperature, in special containers (crucibles) inside ovens or thermo- 
stats. The use of conventional level indicators inside ovens or thermostats (especially, if their’walls are thick) is 
impossible. 


These considerations led to the necessity of using in these cases special level indicators, which can also be 
used for measuring levels of various liquids at high temperatures and placed inside thick-walled containers, The 
instrument we are going to describe is based on strain-gage transducers, 


The schematic of the instrument is shown in Fig, 1. Measuring blade, 1, with transducers, 2, glued to it, is 
carefully fixed at one end to stand, 3, The free end of the measuring blade holds pin 4, For measuring high- 
temperature melts the pin is made of platinum, 


Electromagnet, 6, with core, 7, is placed on bracket, 5, attached to stand, 3. Melt, 8, whose level is being 
measured, is contained in vessel, 9 (at high temperatures in a platinum or quartz crucible), placed inside oven, 10, 
with heater, 11, Thelead-outwires aand b of the heater are connected to theline, Both the oven and stand, 3, 
are fixed to base, 12. Whena photoelectric viscosimeter is used [1] the level indicator is mounted on the meter 
itself as an additional unit. 


Two types of instruments are made; manually (Fig, 2) and automatically operated, 


One of two sensing transducers (Rp1 and Roz), depending on the sensitivity required, are glued to blade, 1 
(see Fig. 1), The use of two transducers doubles the sensitivity of the circuit, according to the theory of bridge 
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circuits [3], and provides the required temperature compensa- 








25 3 tion, * 
a. | 
i) The instrument works in the following manner: the opera- 
€ tion of tumbler switch T (closing contacts 1-2) connects supplies 
+ eae to the bridge circuit R,y-R,2—Rg—Ry, and the chart-drive mech- 
MY anism of the oscillograph** is started by pressing push-button 
yD" » switch Kg, 





Zero line 1 (Fig. 3) is recorded on the film (paper). The 
zero line corresponds to the unloaded condition of the measur- 
ing blade, 1 (Fig. 1). Contacts 3-4 and 5-6 are closed by means 
of the push-button switch K, and electromagnet 1 energized, 
Fig. 3 whose armature, 2, moves the measuring blade. The oscillo- 
graph (ink recorder) registers the bending of the measuring blade's 
free end, thus producing line, 2, shown in Fig, 3. When the meas- 
uring pin, 4, reaches the melt level (Fig, 1) the circuit (shown 
bya thick line) is closed across terminals c-d (Fig. 1) or a~b 
(Fig. 2). This circuit shunts sensing transducer Rp completely 
unbalancing the bridge circuit, and thus producing a sharp de- 
flection on the oscillogram (see position 5 in Fig. 3). 






















































































A Amplitude A, defined as the distance between 3 and 4 de- 
P 1 
zB termines uniquely the level of the melt, 
The measuring blade with its transducer is calibrated 
his directly in units of the level, In calibrating the level indicator 
_ te iw the following curve is plotted: 
t. 
[ “ p=f(l), 
6. 
0% where J is the level difference (or the displacement of the meas- 
uring blade end); p is the output parameter of the circuit (for 
A, instance,the output current), 
en 
Fig. 4 The bending, Jof the measuring blade corresponds to the 


distance I-II ** * covered by the pin (Fig. 1), thus providing a 
measure of the level variation, 


The recording instrument reads directly in units of level since its calibration is made over the whole circuit 
including amplifier A and oscillograph O. 


_ The circuit can be easily made automatic without any alteration of the instrument itself, It is only neces- 
sary to add an attachment (relay unit) to it. 


The operation of the automatic version of the instrument is shown in Fig. 4. 


The operation of push-button switch K connects the supplies to oscillograph O, bridge B, and slow-operating 
relay Py. Oscillograph O starts drawing the zero line (1° in Fig. 3). Relay Py operates (push-button K is by then 
released) and closes all its contacts as shown on the drawing and locks itself in the operating position (through its 
own contact), The contacts of relay P,; retain the supplies of the bridge and the oscillograph chart-driving mech- 
anism and connect the supplies to electromagnet, 1, and prepare for operation the circuit of relay Pg. Similarly 





R R 
* When one sensing transducer is used i = — and with two i = o, where R; is the transducer resistance; AR 


is the resistance increment, I is the supply current, and i is the output current, 

** Various vibrating oscillographs and ink recorders can be used as registering devices; provision is also made for 
the use of pointer instruments for visual observation, 

* * * Position I can be varied by using pins of different lengths, 
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to the first type level indicator, the deformation of the transducer produces a certain unbalance in the bridge and 
the unbalance voltage is fed through terminals 7 and 8 to the amplifier (Fig. 2) and then (via terminals 9 and 
10) to the oscillograph which records line 2°, As soon as the measuring pin touches the melt,relay P, operates 
(the contacts of relay P; have prepared the required circuit), Relay P, is also slow operating. Relay P, opens its 
contact in the blocking circuit of relay P, and closes the supply circuit of the latter relay, Relay P, releases (ow- 
ing to the opening of its blocking) and opens its contacts (including the one in the P, supply circuit); relay P, re~ 
leases and restores the blocking circuit of relay P,,which then operates, The shunting of the sensing transducer 
(similarly to the first type level indicator) produces a deviation 5' of the recording line (Fig, 3), The releasing 
of relay P, after the operation of P, repeats the recording cycle on the oscillogram at intervals A's, A's, etc, 


Quantities A';, A's, and A‘s, similarly to the instance described first, represent uniquely the level of the 
liquid (melt), 


Adjustment of the operating time of relays P, and P,, which constitute a pulsating pair, provides a reliable 
operation of the instrument, With a slow recording speed and a long film (paper) it is possible to obtaina continu- 
ous recording for 3 hours, and with special rolls for a much longer period, thus providing the possibility of measur- 
ing the level not only for experimental or research purposes but also under production conditions, 


The recording can be made by means of highly seusitive vibrators directly on the oscillograph without the 
use of amplifiers, The circuit also provides for the use of mechanical recording instruments as registers. 


Under laboratory conditions the levels are measured in millimeters, whereas in production control the unit 
employed is the centimeter. When amplifiers are used,the change-over from one unit of measurement to the 
other is accomplished by switching over to a less sensitive range (for instance,by increasing the negative feedback, 
which also increases stability and decreases the error of the ainplifier). 


The systematic error of the entire measuring circuit is eliminated by calibration against a level indicator 
with a standard measuring channel. 


The calibration is made in level units, 
When an oscillograph with a moving-coil vibrator and an instrument amplifier are used, the error of the in- 
strument amountsto about 2%, By means of special measuring circuits thiserror can be reduced to 1.5%, 
LITERATURE CITED 
(1] A. M, Glagovskii and B, A, Glagovskii, Priborostroenie No, 12, 1956, 
[2] G. G, lordan,Priborostroenie No.1, 1956, 
[3] K. B, Karandeev, Bridge Methods of Measurement [in Russian] (Gostekhizdat, Ukrainian SSR, 1953), 
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THE ORGANIZATION AND ACTIVITY OF INDUSTRIAL 
TEST LABORATORIES 


(COMMENTS ON K, N. KATSMAN'S ARTICLE * ) 


A. I. Suvorov, Chief Engineer of the Ivanovo Inspection 
Laboratory of Measuring Equipment 


In order to ensure the fulfillment of the Seven-Year Plan for a further expansion of industrial production 
and construction work, a rise in the quality of commodities,and a lowering of the cost of production, the June Ple- 
num of the CPSU Central Committee indicated a course of development for each branch of the national economy, 
including the introduction of group mechanization in industry and construction work, automation of production, 
setting up of transfer lines,and the replacement of obsolete equipment, jigs,and tools by new ones, 


In the struggle for technical progress, in the production of new commodities, machines,and materials, in de- 
veloping new and improving existing technological processes an active role must be played by the scientific re- 
search institutes, design bureaus, factory and plant laboratories, 


In his article “Certain problems of organization and activity of Industrial Test Laboratories* K, N, Kats- 
man raises important and pressing problems of organization and activity of test laboratories in factories, 


Actual experience decisively confirms Katsman's opinion that many industrial test laboratories are divorced 
from production, confined to the narrow limits of testing, do not pay sufficient attention to introducing new gage 
inspection methods, do not render the required assistance to technologists in choosing the best means and methods 


of inspection and in developing new and perfecting existing technological processes and in making production 
automatic, 


Test laboratories are in possession of extensive material regarding dimensional and other rejection of com- 
ponents, semifinished production,and finished articles, owing to their functions as inspection agencies, yet very 
often they do not sort out or analyze this material: they simply record rejections but take no measures to avoid 
them; they do not,for instance, conduct any experimental work in order to find the basic causes of dimensional 
rejections, 


The work of industrial laboratories in disseminating among the workers the skill and habits of correct main- 
tenance and use of measuring equipment is sadly neglected, Yet the quality of large-scale mass production should 
be ensured, in addition to inspection,by certain organizational and technical measures, the most important and es- 
sential of which is the raising of the worker's responsibility for the quality of production and the reduction of the 
inspection personnel to the minimum. 


These functions of the laboratories are very important and pressing, but one should not belittle,as Katsman 
does ,the laboratories’ inspection activity intended to maintain a uniform,efficient,and correct application of the 
measuring equipment and provide interchangeability of components, units.and mechanisms in finished production, 
The relegation of this function, whose fulfillment occupies the greater part of the laboratory personnel's working 
time, to a secondary place only because "in the best case it would only sustain the level of technical measure- 
ments already achieved,” appears to us to be insufficiently convincing, In fact, there are many laboratories which 





* Izmeritel'naya Tekhnika No, 4 (1959), [See English translation. ] 





have not attained the modern level of technical measurements, For such laboratories the main task should con- 
sist in achieving this level, and in cases where it has already been attained, to maintain and further develop meas- 
uring techniques to the full satisfaction of the growing demands of production, 


The exercise of the inspection function by the laboratories includes and predetermines other functions, 
hence inspection is not a secondary,but one of the main functions of a laboratory, This approach will also fully 
ensure correct test results and methods of quantitative evaluation of physical and mechanical values, which, ac- 
cording to K, N, Katsman are main functions of the Industrial Test Laboratories, 


At the same time,K. N, Katsman considers that the creative initiative of the laboratory personnel should 
be directed towards finding “white spots” in production, i.e,, production processes which require but do not possess 
gages for the evaluation of physical quantities, 


We think that such an approach to the work of test laboratories is incorrect, since it belittles the functions 
of the technical departments and technologists, whose work includes the complete working out and improvement 
of technological processes, as well as the selection and assignment of the means and methods of control by means 
of gages and the fixing of tolerances in technical measurements, Obviously this does not include, but it presup- 
poses the duty of the laboratories to render assistance to the technologists in the selection of efficient means of 


control of technological processes and in compiling plans for introducing new and replacing obsolete measuring 
equipment at each production stage, 


Katsman states that industrial laboratories should at least be able to compile completely require- 
ments for the design of new instruments necessary in a given branch of production and should insist on their im- 
plementation by the organizations concerned, 


This function, however, is to a greater extent the concern of technical departments and technologists and 
not test laboratories, since the former can take into consideration the peculiarities of any branch of production 
and determine more accurately the requirements for the design of new instruments, and the test laboratories should 
only assist them in this task, It is sufficient for the laboratory personnel to be able to compile design requirements 
for test instruments and devices necessary for improving the efficiency of testing,and to be able to determine com- 
petently the advantages and disadvantages of measuring equipment on the basis of their observations and the study 
of the operational qualities of the measuring equipment, 


It should be appreciated that assignment of new tasks to the laboratory staff will require its enlargement 
at the expense of the engineering personnel. 


In order to stimulate a further rise in the efficiency of the laboratories and in their influence on production, 
it is advisable to divide them into three categories determined by their technical equipment, their functions,and 
their efficiency in providing technical measurements in production, Such a structural classification of laboratories 
will raise the initiative of the laboratory staff; laboratories of the lowest category which are on the level of Con- 
trol and Checking Stations will strive to develop, in order to pass to the middle and then the top category, The 
transfer of laboratories from a lower to a higher category must be accompanied by their acquisition of the 
appropriate equipment, 


Promotions of laboratories from one category to another should, in our opinion, be made on the recommenda- 
tion of State Inspection Laboratories by the appropriate Councils of National Economy, The absence of such a 
classification of laboratories lowers their interest in technical progress. This is confirmed by the existence of well- 
equipped laboratories which perform the functions of ordinary Control and Checking Stationsand by the absence 
of interest in the technical development of laboratories on the part of the factory managements, Such a classifica- 


tion of laboratories is especially important for new plants, where the work of test laboratories does not receive 
sufficient attention, 


In order to rationalize the extremely diverse organizational and technical forms and structures of test labora- 
tories in engineering plants of the region, the administration of the engineering and chemical industry of the 
Ivanovo Council of National Economy worked out and introduced a regulation which establishes a general form of 
organization and inspection routine of measuring equipment in engineering plants of the Council, 


This regulation provides the following basic functions for test laboratories of the highest category: 


Periodic testing and certification of measuring equipment according to test specifications at intervals which 
are determined from a graph, compiled by them in conjunction with production technologists and the Technical 
Control Division and approved by the plant administration; 
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working out and supervising the application of measures for ensuring uniform and correct technical measure- 
ments at all stages of production by organizing supervision over the means and methods of measurement accord- 
ing to the Supervision Specifications of the Council of National Economy; 


guiding the work of the Control and Checking Stations, instructing their personnel, and supervising their ac- 
tivity; 


working out,in conjunction with the technical department, measures for ensuring control by means of gages 
at all the stages of production, for introducing the best means and methods of measurement,and developing test 
and control equipment for automation and mechanization of production; 


conducting periodical practical instruction of factory workers who use measuring equipment in the cor- 
rect maintenance and use of the equipment; 


sorting out the data obtained in the inspection and tesing of measuring equipment, components,and finished 
production in order to analyze it and formulate proposals for lowering production scrap, increasing the durability 
of instruments and gages, improving their operational characteristics, perfecting the means and methods of control, 
and raising the quality of measuring equipment repairs ; 


formulating requirements for the design of new test equipment and conducting experimental development 
work with the object of proving theadvisability of introducing new means and methods of measurement and in- 
spection; 


participating in working out measures for the introduction of new equipment and the modernization or re- 
placement of the old; 


developing and establishing in the plant a system ofissuing certificates and warranties for the measuring 
equipment, and compiling schedules and graphs for checking reference measures and instruments, 


The subordination of the Industrial Test Laboratories to the Technical Control Divisions is advisable since 
the latter are most interested in always maintaining the measuring equipment in a working and efficient condition, 


K, N, Katsman's proposal to reduce the number of general inspections,made by the Committee's Agencies, 
of the control exercised by the plants over the condition of their measuring equipment is completely acceptable 
and timely,provided the quality and thoroughness of these general inspections is improved. 


Workers engaged in the technology of measurement in other plants should be encouraged to participate in 
the inspection of the work of test laboratories and control agencies, thus providing the opportunity of conveying 
in a graphic and concrete manner the experience acquired by the best laboratories to those which lag behind, 


I, I, Suslovich, Chief of the Central Measurement Laboratory 
(Dnepropetrovsk), 


The problems raised in K, N, Katsman's article deserve attention, As long ago as 1940, the duties of test 
laboratories were specified in rules 10-40 of the Committee of Standards, Measures, and Measuring Instruments, 


According to paragraph 24, test laboratories are entrusted with: 


g) Developing measuring methods and checking the means of measurement required by a plant, and also 
introducing the best of automatic instruments and methods of inspection of components in production shops. 


h) Controlling the correct allocation of measuring means in the technological charts and giving advice and 
assistance to the technical department with respect to the choice and application of measuring equipment. 


Test laboratories either ignore or fulfil only partially these two important instructions, which cannot be con- 
sidered as satisfactory. The reason for this state of affairs is the incorrect organization and subordination of these 
laboratories, This is incontestable, Katsman is incorrect, however, in proposing to unite all the test laboratories 
into one central laboratory subordinated to the chief engineer of the plant, The reasons given by Katsman for the 
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advisability of this fusion are not convincing. If electronics invade linear measurements it does not mean that 
linear measurements should be amalgamated with radio measurements, It is known thatlinear instruments for 
measuring angles are based on mechanical, optical, electrical, radio, pneumatic, chemical,and other laws, This 
does not, however, hinder in the least the linear measurement specialists from bringing into use new instruments, 
The difficulty of introducing new production instruments and new methods of inspection lie in the conditions of 
subordination of the laboratories, 


Technological processes in the manufacture and control of components are worked out in engineering plants 
by the Chief Technician's Department,whereas the linear and angle measurement laboratories are in the Tech- 
nical Control Department, Thus, the Central Measurement Laboratory (TsIL) does not take part in determining 
the technology of production, In the best case ,technologists can apply to the Central Measurement Laboratory for 
advice on certain measurement problems, If the Central Measurement Laboratory were subordinated to the Chief 
Technician of the plant, it would have to satisfy different demands and its structure would change correspondingly. 
The same applies to other test laboratories, It follows, therefore, that the subordination of the laboratories should 
be altered in such a manner that they become more useful to production, 


Katsman considers that the main task of test laboratories does not consist in maintaining unified measure- 
ments, or even in supervising the state of the test equipment, but in ensuring by all the means at their disposal 
the accuracy of measurement results and methods of quantitative estimation of physical values in production, both 
by studying them on the spot and using at all production stages, accurate, reliable, cheap,and productive means 
and methods of measurement, This is incorrect, since it is impossible to consider as secondary such an important 
task as the preservation of unified measures, without which it is impossible to operate a single engineering plant. 
It is well known what role the test laboratories have played in establishing our engineering, instrument making, 
aircraft,and other industries by fulfilling precisely this task, 


Introducing in production accurate, reliable, cheap, and productive methods and means of measurement in 
engineering plants is one task of the Chief Technician's Department, Test laboratories should take an active 
part in this work, and this is only possible if they are subordinated to the Chief Technician of the plant, Test 
laboratories cannot solve this question independently as their main task, 


Yet another question arises; Willthe linear and angle measurement laboratories be able to preserve the uni- 
fied measures, etc., which is their basic function, while outside the Technical Control Division of plants? They 
will undoubtedly be able to do it. At present,laboratories in other spheres of measurement are fulfilling such func- 
tions although they belong to other departments of the plant, 


Infine, I should like to express the wish that after discussion of this question a decision binding all establish- 
ments be rapidly adopted, 


M. N. Poitenberg, Chief of the ‘*Progress*’ Plant 
(Berdichev) Test Laboratories 


Katsman incorrectly describes the work of the majority of test laboratories in our country, taking the desir- 
able for the actual, The conditions of work of the majority of individually producing and small-scale mass produc~ 
ing plants are very diverse and the field of action of laboratories, especially linear and angle measurement lab- 
oratories,is very extensive, 


Yet can the principal sphere of their activity be what K, N, Katsman suggests in the following passage, "The 
basic task of test laboratories should be neither the maintenance of unified measures nor even supervision of equip- 
ment, but a provision, by all possible means,of accurate technical test results"? How is it possible to obtain ac- 
curate technical test results without ensuring unified measures? 


K, N, Katsman's proposal to amalgamate all the laboratories is not correct, What is there in common be- 
tween an electrical laboratory and linear and angular measurements? Katsman, it would appear, is pleased that 
“optics and mechanics is invaded by electronics,* This is all right as far as it goes, but one cannot neglect either 
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the conditions of work of laboratories in different spheres or the existing possibilities, It is impossible to im- 
mediately base everything on optical, electronic or other measurements, Let all the industrial laboratories use 
all the best equipment they possess today, and this alone will be very satisfactory, It is first necessary to raise 
the measuring equipment and technique to a higher, genuinely modern level and only then think of the amalgam- | 
ation of laboratories. 





K, N, Katsman proposes that test laboratories should specify the measuring equipment required by any given 
plant, It would be more correct for the laboratory to explain to the measuring instrument or measuring equip- 
ment bureau the efficiency of a given measuring apparatus or control device, or to assist in introducing better 
instruments having proved superiority, etc, but in no case should it design them, Otherwise, the laboratories will 
meddle in somebody else's business, Katsman gives examples of the personnel of small laboratories carrying out 
important development work, It is desirable for individual laboratories to be engaged in creative work, without 
restricting themselves to a narrow sphere of activity, We have several such laboratories in our plant as well, but 
this does not mean that laboratories should basically reorganize their activity. 


S. S. Kharlamov, Chief of the Central Measuring 
Laboratory in Bryansk 


K, N. Katsman’s article has a topical significance for the operation of industrial test laboratories at the pres- 
ent stage of development of our engineering and instrumentmaking industries, It is not by accident that this 
journal has also published by way of discussion comments of its readers* on B, N, Vorontsov's article entitled “Pres- 
sing problems of the Departmental Inspection Agencies” (No, 5, 1958). 


The authors of these articles make a timely and correct contribution by suggesting that the work of the fac- 
tory inspection agencies should be reorganized by exposing them to actual production and making them particip- 
ate directly in ensuring correct results in technical measurements and methods of evaluating physical quantities 
in production by applying at all the stages of production accurate, reliable, cheap, and productive means and 
methods of measurement, 


It is true that many industrial laboratories have limited themselves to testing only, In the majority of cases 
the responsibility for this state of affairs does not lie with the laboratories, but with the departmental barriers and 
the existing method of subordination of the Departmental Inspection Agencies, Moreover, it is obvious that some 
of the State Inspection Laboratories have not reexamined their work in the light of the decisions of the CPSU 21st 
Congress, and often in their one or two day general inspection affect the whole activity of the test laboratories in 
a manner to be expected. Many State Inspection Laboratories, and in particular the one at Bryansk, hardly ever 
work in conjunction with the industrial laboratories, Yet there should be systematic consultations with the person- 
nel of the Central Measurement Laboratories (even if it were only for the purpose of exchanging experiences, anddis- 
cussing the quality of the measuring equipment, classification of equipment, and instruments) and lecture classes, 
for raising the qualifications of the Central Measuring Laboratories’ personnel, on questions of automation and 
mechanization of the technical control in engineering should be organized, 


K, N, Katsman is correct in suggesting the amalgamation of all the plant laboratories into a single Central 
Measurement Laboratory subordinated to the Chief Engineer of the plant, thus providing the opportunity of solv- 
ing the problems of production measurements in a practical and full manner, 


At present the following laboratories exist in a plant: the TsZL(central factory laboratory) subordinated to 
the Chief Engineer or the Chief Metallurgist, the TsIL (central laboratory for line and angle measurements) sub- 
ordinated to the head of Technical Control Division, and electrical and thermal measuring laboratories subordin- 
ated to the Chief Power Engineer; they all operate disjointedly. ' 


It seems strange that the reorganization of industrial administration and the formation of the Council of 
National Economy have hardly affected the activity of the departmental inspection agencies, 


* Izmeritel’naya Tekhnika No, 2 (1959), [See English translation, } 
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In order to improve the structure of industrial laboratories and solve immediately the pressing problems of 
introducing effective means of automatic control in production,{t is necessary for the Councils of National Econ- 
omy to reorganize the Departmental Inspection Agencies, amalgamate the industrial laboratories into a single 
Central Measuring Laboratory, and determine its functions strictly in accordance with the requirements of tech- 
nical progress, subordinating the laboratory to the Chief Engineer of the Plant, 
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INFORMATION 


THE ALL-UNION SCIENTIFIC CONFERENCE ON RADIOTECHNOLOGY 
WORK IN THE SPHERE OF RADIO MEASUREMENTS 


An All-Union Scientific Conference dedicated to the centenary of the birthday of the great Russian scien- 
tist and inventor of radio, A. S, Popov, was held in Moscow from June 8-12, 1959, 


The conference was attended by more than 2000 scientists, engineers, and technicians from Moscow, Lenin- 
grad, Kharkov, Gor'kii and other towns of the Soviet Union as well as by several scientists ~ guests from foreign 
countries, 


Among the many Conference sections there was one dealing with radio measurements, at which 30 papers 
were read in six sessions, 


The well-known British scientist, Dr, L, Essen (National Physical Laboratory) reported on his work in establish- 
ing and investigating a cesium frequency standard, Great interest was aroused by the data referring to its use in 
the time service, and the report on its new construction with a lengthened vacuum tube, The participants of the 
conference warmly congratulated the speaker on the successful accomplishment of his important scientific work and 
the award of the A, S, Popov gold medal this May from the Presidium of the Academy of Sciences, USSR. 


In his paper, entitled "Determining the frequency of molecular generators by time service method," A, Ya, 
Leikin examined a frequency standard, which consisted of two ammonia beam molecular generators, a continuous- 
ly operating quartz clock,and a system of frequency comparison, The error in reproducing the absolute frequency 
value is determined by the error of tuning the molecular generator and is evaluated at + 3-107*? Examples of de- 
termining the molecular generator frequency in terms of astronomical time, UT-1 and UT-2,were given; such de- 
terminations provide an opportunity of evaluating the irregularities of the earth's rotation, In the discussion on the 
paper it was noted that the molecular standard which was made and used in the time service improved consider- 
ably the operation of this service. 


In A, G, Smagin's paper on “The prospects of raising the stability of quartz oscillators used for frequency 
standards,” a new method of raising the stability of a quartz resonator by immersing it in a vessel with liquid helium 
is described, Preliminary investigations have shown that the quartz resonator Q-factor is thus raised to ~ 86- 10°, 
Calculations have shown that the ageing at the temperature of liquid helium of quartz toroids developed for the 
purpose could have the value of ~1- 107!7, It was shown that quartz resonators can be maintained in thermostats 
at a temperature of 4,2°K with an error of + 0.001°K. 


In his paper entitled "Methods of improving bar-shaped quartz resonator Q-factors up to the value of several 
millions," I, V, Grinenko shows that by means of higher quality of finish of crystal surfaces and using improved 
constructions of crystal holders and electrodes, it is possible to raise the Q-factor of these elements from 2-10° 
to several millions, The conference noted that the use of these high-Q quartz resonators in frequency standards 
will considerably increase their stability. 


B, A, Finagin provides in his paper, "Degeneration of oscillations and dipole splitting of the piezoresonator's 
natural frequency," experimental data obtained in investigating this splitting and derives certain practical con- 
clusions of its effect on the work of piezoelectric resonators in radio, optical, and ultrasonic equipment, It is shown 
that the splitting varies with resonance and is accompanied by a turning of the oscillation pattern through a cer- 
tain angle corresponding to the given resonance, It has been shown that the dipole splitting of the natural frequency 
is the result of diminished degeneration under the effect of a small disturbance (a small anisotropy of properties 
or boundary conditions) of certain types of oscillations which are degenerate. 
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K, V. Khodataev's paper, "Measurement of the Q-factor of volumetric resonances by the comparison method" 
deals with a method of Q-factor measurements based on comparing the resonator under test with a standard RC 
circuit by means of the frequency distortions introduced by these circuits respectively in a high-frequency pulse 
and in its envelope, It was shown that, providing certain conditions are observed, the value of the coupling between 


the generator and the resonator and the shape of reacting high-frequency pulses do not affect the measurement re- 
sults, 


G. A, Bogdanov shows in his paper, "Investigation of the stability of a low-frequency transistor oscillator” 
that in a low frequency transistor LC oscillator, frequency stability depends in the main on the stable state of oscil- 
lation and also on the choice of the dc conditions, 


A. G, Pokrovskii reviews in his paper,"New radio measurement instruments for general application” the in- 
struments recently produced, including voltage and power meters, UHF and pulse measuring instruments,and oscil- 
lographs, measuring amplifiers, signal generators, frequency analyzers, etc, 


Several papers dealt with current, voltage,and pulse measurements at ultrahigh frequencies, 


V. R, Lopan's paper, entitled "Instruments for measuring current at frequencies up to 300 Mc" dealt with a 
newly designed ammeter consisting of a combination of a vacuum electrodynamic ammeter with a short-circuited, 
freely oscillating ring and a photoammeter with vacuum radial tubes, The ammeter's frequency range is 1-300 


Mc and the measuring range 100 ma to 10 amp; the error of measurement does not exceed + 0.5% of the measured 
quantity, 


In their paper, "Experimental determination of high-frequency errors of diode voltmeters in the range of 
1000 Mc", A, M, Fedorov and B, E, Rabinovich deal with high-frequency errors of a compensation voltmeter type 
OKV-2 with diode 2D1C at voltages of 0,.1-1 v, determined by comparing its reading with those of a thermistor 
voltmeter, The experimentally obtained total frequency errors of the voltmeter are divided into two errors: the 
transit and resonance error, The Conference recommended: 


a) basing the production sorting of diodes on their interelectrode distances in steps of 20-30 mw, thus con- 


siderably increasing the precision of voltage measurements and measuring the power in the meter and decimeter 
bands by means of correction curves; 


b) tocontinue measuring the frequency error of diode voltmeters with the object of accumulating statistical 


data, which will provide a basis for specifying the requirement for the design of new measuring diodes with small 
interelectrode dimensions, 


M, M, Levin's paper,"Measurement of high-frequency voltage pulses by means of a diode voltmeter” shows 
that at UHF, when the transit time of electrons between the electrodes becomes important, the frequency error of 


the diode voltmeter is different,when measuring pulses,from its error when measuring a continuous high-frequency 
voltage. 


In his paper, entitled "Measurements of short pulse amplitudes," M, 1, Gryaznov evaluated systematic errors 
in measuring short radio and video pulses, Various compensation and autocompensation voltmeter circuits are ex~ 
amined and compared with each other, The Conference recommended proceeding with the experimental design 
work in order to develop a pulse voltmeter for measuring amplitudes of short pulses. 


K, G. Kir'yanov gives in his paper, “An apparatus for calibrating GSS oscillators by their output voltages in 
the frequency range of 0,1-1000 Mc," brief characteristics of the equipment and the peculiarities of its work with 
signals below the noise level. The Conference noted the importance of developing the equipment for measuring 


voltage ratios (such as the voltage standing-wave ratio, the modulus of the transfer constant of various quadripoles, 
etc,), 


In their paper, entitled "A standard calorimetric device for checking low power meters in the range of 
0.75-1.8 cm," A, I, Brodskii, A. N, Akhiezer, V. N, Magda, and A, P, Sen'ko describe the design of microcalorim= 
eters which provide the measurement of powers in the range of 7.5-18 mm with an error not exceeding 1.5% for 
power levels of 2-100 mw, and that of devices _ for checking low-power meters by means of calorimeters with 
an additional error not exceeding + 2% at power levels of 500 pw to 5 mw. The Conference noted that the develop- 


ment of microcalorimeters has solved the problem of establishing primary instruments for measuring EHF power in 
the millimeter range. 
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A, D, Selivanovskii, V. A, Yugov, V, N. Krasnopistsev, and Yu. Durasov provide in their paper, "Film bo- 
lometers for measuring SHF power” characteristics of film bolometers and bolometric heads in the range of 20,000 
to 40,000 Mcand data on the construction and technology of their manufacture, These metal-film bolometers 
were recomimended by the Conference for use in SHF power meters in the range of 10 pv to 1 w. It was also rec- 


ommended that work be done on the design of untuned heads in the range of 10,000- to 40000 Mc and bolometers 
with semiconductor films, 


In his paper, "Optimum parameters of a radiometer,” A, N. Mikhailov examines the selection of the shape 
and size of the radiometer passband and the modulation frequency, the matching of the mixer to the intermediate 
frequency amplifier for a maximum sensitivity, and the distribution of gain between the high and low frequency 
radiometer units, It is shown that when steps against flicker noise are taken, it is possible to limit the gain of the 
radiometer high-frequency unit to 1500-2000. 


In her paper, N. B, Mikhailova describes a correlation meter of weak noises and monochromatic signals in 
the range of 2-35 Mc, 


In his report, entitled "A method of calibrating and checking field strength meters in the range of 12 kc to 
25 Mc," V. S, Buzinov describes a reference field method provided by a frame antenna with known parameters, 
The electromagnetic field of the near zone (induction zone) is used, The value of the electromagnetic field for 
low frequencies in this instance is determined by dc formulas, From 10Mc up it is, however, necessary to intro- 
duce frequency corrections, Design formulas are given and the errors of the method analyzed, showing that in the 


range of 12 kc to 10 Mc the largest possible error of calibration and checking of the field strength meters does not 
exceed + 2.5%,and in the 10-24 Mc range +5%, 


In the paper of G, D, Burdun, E, B, Zal'tsman, and V, E, Poyarkova, “A method of precision measurements 
of dielectric parameters in the millimeter range,"a standard device is described which measures dielectric 
parameters such as the permittivity and loss angle; an analysis ot the sources of errors is made and optimum con- 
ditions of measurement specified. The Conference noted the practical value of this work. 


In their paper entitled "Measurement of permittivity of rod samples at ultrahigh frequencies” Yu, Ya. Yurov 
and V, I, Vinokurov describe an apparatus for measuring permittivity of these samples in the centimeter range and 
examining the error of measurement, The input admittance of a short-circuited waveguide with the dielectric 
rod placed in it was calculated by two methods: 


a) The field of the reflected wave was determined in conjunction with higher type fields by the method of 


characteristic vector functions; the input waveguide admittance was determined from the reflection coefficient 
thus found, 


b) The principal field of the waveguide was considered, and for fields of a higher type it was assumed that 
telegraph equations hoid in the case of a rod. The solution was obtained by means of the Lorentz lemina. 


These calculation tnethods produced good agreement with experiments and other methods of measurement . 
Curves which provide a rapid finding of perinittivity from the measurements were appended, 


I, P. Gekker and V, I, Yur'ev reported on their work with a device for investigating the radiation spectrum 
in the millimeter and shorter wavelength ranges. The conference noted that the above device for physical inves- 
tigation of the radiation spectra of Cerenkov, Doppler, etc,, generated by relativistic electron beams, is simple 
and reliable in operation, provides wavelength measurements in the range of 12-0.5 mm,and is remote controlled, 
which is necessary in the presence of powerful x-ray radiations, 


L. N. Bryanskii demonstrated in his two papers, "Precise measurement of the voltage standing-wave ratio 
by means of a phase-shifter and a probe” and "A method of checking waveguide measuring lines” that a voltage 


standing-wave-ratio meter, consisting of a phase-shifter and probe, can in many instances provide greater accuracy 


of measurement of the ratio than a measuring line. 


Two basic methods of checking measuring lines were also examined: the element-by-element check and 
the check by means of standard loading. The Conference noted the necessity of developing a technique for test- 
ing coaxial lines and immediate adoption of the method and equipment foz testing waveguide measuring lines, 


In their paper, entitled "Direct reading instruments for recording matching characteristics," V. G, Dubenet- 
skii and A, I, Konchitsa describe automatic, direct-reading, reflection and standing-wave-ratio meters in the 
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3 and 10 cm wavebands with two-coordinate recording of results, The characteristics of the basic elements of the 
waveguide and coaxial meters are given and the possible errors in measuring various reflection and standing-wave 
ratios are evaluated. The Conference noted the timely development of the instrument and the necessity of its 
completion in order to be able to decide on the advisability of its mass-production, 





A, P. Kornilov in a paper entitled "Some technical applications of the phasometric methods for measuring 
nonelectrical quantities" described new radiotechnical methods of measuring and controlling nonelectrical values, 
a model of an _ electronic small-scale quartz extensometer which provides stable readings on samples 0.5 mm 
long at 1000°C,and an instrument for continuous checking of the diameter of thin (from 20p up) wire with automat- 
ic recording on a chart and automatic recording of deviations from the tolerances, 


In their paper, “Experience in developing a microwave radiopyrometer,"V. V. Kandyba, E, A. Kopilovich, 
G, P. losel'son, and P, A, Ivanov described their work in using radio emissions for measuring high temperatures, 
The Conference considered the work to be timely and recommended continuing it until it can be applied in prac- 
tice, 


I, S, Stepanov's paper, “Instruments for automatic production testing of long-distance communication equip~ 
ment components" examines the principles of operation and data of the following instruments and devices, which 
provide either partial or completely automatic testing of several parameters under production conditions; the in- 
struments include level indicators for the range of 0.2-300 kc and 0,3-10 Mc, an instrument for measuring per- 
meability in the range of 50-1000 and a magnetic field strength of 1 oe, a semiautomatic bench for testing tele- 
phone transformers with respect to four parameters, a device for checking frequency converters, and a set for sorting 
resistors, inductors,and capacitors at 2.5 Mc, The Conference noted that the development of such instruments is 


of great practical value for the communication equipment industry; this equipment should be adopted in the 
plants, 


Following M. V. Fomin's paper on “Problems in developing a set of UHF measuring instruments for radio 
relay lines” the participants of the conference expressed their wish to present a series of papers on individual in- 
struments at the routine sessions of the A, S, Popov Society's section on radio measurements, 


The paper of V. M, Shtein, V. I. Borisov,and D, A, Podberezin entitled "Utilization of pulse modulation for 
measuring time characteristics” proposes a method of measuring time characteristics based on the use of amplitude 
and phase pulse modulation, This method is preferable to the oscillographic one when time characteristics with a 
large range of instantaneous values are measured, The paper gave the test results of an instrument which uses the 
new method of measurements. 


| A, M, Chernushenko's paper “An apparatus for investigating high-frequency channels and delay systems by 

means of millimicrosecond pulses” deals with the separation of reflection measurements in delay systems and wave- 
| guides with reflections due to several irregularities along the high-frequency channel by means of the radioloca- 
tion method,which provides a time separation of reflections from various irregularities, thus making it possible to 
measure each reflection separately, In the equipment working on the basis of this method, a high-frequency oscil- 
lograph tube is used. The Conference decided to recommend that the State Committee on Electronics; a) use the 
materials presented in the paper for making commercial models of the equipment for investigating high-frequency 
channels and delay systems by means of millimicrosecond pulses; b) conduct experimental development work in 
designing special tubes for generating millimicrosecond pulses over the whole centimeter range. 


In their paper, entitled “An instrument for visual observation of the transfer constant modulus of a four ter- 
mina! network,” P, I, Babkin and V, Ya. Lozovaya describe the development of a model of an instrument which 
makes it possible to observe on the screen of a cathode-ray tube the relation between the attenuation and frequency 
of a UHF signal and to compare it with a given value, The instrument consists of a klystron generator with mechan- 


ical tuning, a polarized attenuator,and an oscillographic unit, The time required for retuning the generator ts 
4 seconds. 


In its resolutions on the papers read at this section of the conference, the section noted the importance and 
practical value of the reported works and recommended their publication in the periodic press, 


The work of the section on radio measurements showed a growth, as compared with last year, in the number 
of papers in various spheres Of radio measurement technology and the corresponding number of sets produced, 
including standard radio measuring instruments, 
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CONFERENCE ON THE PRODUCTION OF LABORATORY BALANCES 


A scientific-technical conference, dealing with the prospects of the development of laboratory balance pro- 
duction,was held in Leningrad in September, 1959. 


Papers by members of the D. I, Mendeleev All-Union Scientific Research Institute of Metrology (VNIIM), 
the All-Union Scientific Research Institute of Kinematics (VNIIK), the Gosmer plant,and other organizations were 
read at the conference, 


A. I, Chinarev (VNIIK) dealt in his paper with the state of laboratory balance production in the Soviet Union 
and abroad, 


N. A, Andreev dwelt on the development prospects of laboratory balance production in 1959-1965. 


G. A. Gulin informed the conference of new analytical balances, and P. I. Timofeev, about special 
balances. 


A paper on the proving of unequal arm balances of the analytical type was read by I, N, Nekrasov. 


Chief Engineer of the Gosmetr plant M, A, Chernorez reported on the measures taken by the plant for im- 
proving the quality of the laboratory weighing instruments made by it. 


N. N, Smirnova's (VNIIM) paper dealt with the use of balances for measuring and recording variable mass, 


M., I, Tyutikova (VNIIM) dealt in her paper with the development of the methods and equipment required 
for checking standard and commercial weights of 1 g and smaller, 


Over 20 people took part in the discussion, 


The conference noted certain achievements in the production of high-precision scales with remote control, 
required in the most important spheres of national economy, The design and production of analytical and tech- 
nical balances does not, however, as yet completely satisfy the growing requirements of modern technology 


It is also necessary to improve the quality of laboratory balances produced by the Gosmetr plant, Despite 
the fact that this plant is the main supplier of laboratory balances, itdoes not possess sufficient space for the work 
in hand and lacks the modern equipment required for the production of high-quality precision balances, 


The repair of laboratory balances and the supply of spare parts to the weighing-equipment repair shops is 
badly organized. 


Nobody seems to be concerned with the training of engineers, technicians,and highly-qualified workers 
for the plants and workshops which are making or repairing laboratory balances, 


The full conference resolution makes suggestions for eliminating the defects in developing, producing, and 
repairing laboratory balances and also in the training of personnel for the plants where laboratory balances are 
made, 


The conference considered it necessary to call such conferences on laboratory balance production at least 
once every two years, and also to publish the conference proceedings. 
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THE COMMITTEE OF STANDARDS, MEASURES, 
AND MEASURING INSTRUMENTS 


MEASURES AND MEASURING INSTRUMENTS APPROVED BY 
THE COMMITTEE AS THERESULT OF STATE TESTS AND 
PASSED FOR USE IN THE USSR 


(Registered in June and August, 1959) 


Storage battery hydrometers with pipets, of the Moscow regional Sovnarkhoz . State register No, 1266-59, 


Rack-mounted recording ammeters, trade mark N-386, of the Krasnodar Sovnarkhoz, State register No. 
1267-59. 


Rack-mounted recording voltmeters, trade mark N-386, of the Krasnodar Sovnarkhoz, State register No, 
1268-59. 


Mutual induction coils, trade mark R536, of the Kiev Sovnarkhoz, State register No. 1269-59, 


Automatic, batch-weighing, unequal-arm scales, trade mark DN, of the Kiev Sovnarkhoz, State register 
No, 1270-59, 


Atruck dial weighbridge, trade mark ATs-10, of the Krasnodar Sovnarkhoz, State register No, 1271-59. 


Audio and ultrasonic signal generators, trade mark ZG~-11, of the Leningrad Sovnarkhoz. State register No. 
1272-59. 


DC bridges, trade mark P333,of the Krasnodar Sovnarkhoz. State register No, 1273-59. 
Single dc bridges, trade mark MO-56, of the L*vov Sovnarkhoz, State register No, 1274-59. 


Single-phase portable wattmeters, trade mark D-57, of the Kiev Sovnarkhoz, previously state registered 
under No, 1073-57, are supplemented by a wattmeter D-57 modification, providing a current range of 2.5-5 amp. 
State register No, 1073-57, 
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